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Introduction. When developing modern technologies for deep
processing of plant starch-containing raw materials, the most
important aspect is the study of the size and morphological structure
of starch grains.

Materials and methods. Native potatoes, corn, tapioca, wheat, rice,
rye, peas, amaranth, barley, sorghum, triticale and oats starches were
studied. Scanning electron micrographs of starch grains were obtained
using a scanning electron microscope LEO 1420. Metallization of
native starch preparations was carried out with gold in the EMITECH
K 550X vacuum system.

Results and discussion. The sizes and morphological features of the
grains of native starch of different botanical origin were investigated.
The main structural characteristic of the structure of native starch,
which determines its physicochemical properties, is starch grain
(granule). There was revealed a large variety of forms of starch grains:
regular and irregular oval, rounded, multi-faceted. The size of starch
grains varied within 60,0-0,5 microns. Depending on the average size,
starchy grains can be arranged in a descending row: potato
(21,7+1,22), rye (21,242,36), pea (20,4+2,57), chickpea (14,8+0,93),
triticale (13,2+1,75), wheat (12,4£1,90), sorghum (11,0+0,76), barley
(10,9+1,15 ), tapioca (10,6+0,50), corn (9,8+0,42), oat (7,39+0,87),
rice (5,340,29), amaranth (1,1£0,04). The largest size of starch grains
was found in potato starch, and the smallest size in amaranth starch. It
was established that in 7 native starches (sorghum, barley, oat, pea,
chickpea, amaranth and corn) the distribution of starch grains is
monomodal in size (1-fractional), in 4 (wheat, triticale, potato and
tapioca) — bimodal (2-fractional), in 2 (rye and rice) — trimodal (3-
fractional).

The source of starch-containing raw materials and the peculiarities
of the structural organization of native starch largely determine the
technological methods used for the most complete and gentle
extraction of the seeds of native starch from the plant cell.

The main structural characteristic of the structure of native starch,
which determines its properties, is starch grain. Features of the size
and shape of starch grains cause the manifestation of the following
properties of starch: molecular weight, the amount of bound moisture,
temperature of gelatinization, the ratio of starch fractions and density
of their laying in crystalline areas, the rheological characteristics of
starch paste.

Conclusion. The morphology of starch grains of different botanical
origin varies significantly in size (60,0-0,5 um) and shape (round,
oval, irregular shape). The size of starch granules is the main structural
characteristic determining the physicochemical properties of starch
pastes.
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Introduction

The range of products of starch-treacle production is quite large and amounts to several
hundred items [1-36]. The main raw material for the production of starch and starch products
are potatoes [6, 34], corn [19, 35], wheat [12, 17], rye [2], barley [13, 22], rice [4, 21],
buckwheat [2, 5], tapioca [24, 26], lentils [36], banana [31] etc. In addition to native starch,
molasses of various carbohydrate compositions (low-sugared, caramel, high-sugared,
maltose, dextrin-maltose) maltose, maltin, crystalline glucose, as well as glucose, glucose-
fructose and fructose syrups are produced [1]. A large range of modified starches and dextrins
is available [3, 20].

Starch and starch products play an important role in the national economy [1-3]. They
are widely used in many branches of food industry: confectionery, bakery, canning, food
concentrates, dairy, meat, as well as in other industries: textile, paper, leather, printing,
pharmaceutical, metallurgy, and household. In addition, starch and its derivatives are used in
chemical industry in the production of sorbitol, lactic acid, glycerol, acetone, butanol,
varnishes, various films, etc.

When developing modern technologies for deep processing of vegetable starch-
containing raw materials (technologies for obtaining native and modified starches), the most
important aspect is the study of the size and morphological structure of starch granules.

Despite the great interest shown by the scientific community to fundamental and applied
research in the field of starch and starch products, up to now there are no systematic studies
of the morphological characteristics of starch granules (size and shape) isolated from plant
materials of various botanical origin.

The aim is to study the size and morphological features of native starch granules of
different botanical origin.

Materials and methods
Materials

The objects of the research are native starches: potato starch according to the Technical
Normative Legal Act (TNPA), corn starch according to TNPA, tapioca starch according to
TNPA, wheat starch according to TNPA, rice starch according to TNPA, rye starch according
to TNPA, pea starch according to TNPA, amaranth starch according to TNPA, barley starch
according to TNPA, sorghum starch according to TNPA, triticale starch according to TNPA,
oat starch according to TNPA [37, 38].

Methods

Scanning Electron Microscopy (SEM)

Sample preparation. Metallization of native starch preparations was carried out with
gold in the EMITECH K 550X vacuum unit.

Analysis. Scanning electron micrographs of native starch granules were obtained using
a LEO 1420 scanning (raster) electron microscope (Germany) (Figure 1).
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1 — electron source;

2 —accelerating system;

3 — magnetic lens;

4 — deflecting coils;

5 —sample;

6 —reflected electron detector;
7 —ring detector;

8 — analyzer.

Figure 1. Scanning electron microscope

The principle of operation of the scanning electron microscope consists in scanning the
sample surface with a focused electron beam and analyzing particles reflected from it and X-
ray radiation resulting from the interaction of electrons with matter. In a scanning electron
microscope, an electron beam (electron probe) is focused by electromagnetic lenses of a
capacitor and a lens [39, 40]. A special device — deflector deflects the electron beam (primary
electrons), which slides on the surface (raster). The secondary electrons (reflected from the
surface) are perceived by the detector and are focused on the screen of the scanning electron
microscope creating a three-dimensional image. The scanning electron microscope allows
working in a wide range of magnifications from %10 (which is equivalent to an increase in a
strong hand-held lens) to x1000000, which is =~ 500 times the increase limit of the best optical
microscopes. The scanning surface is necessarily sprayed with metal: platinum, gold, silver,
aluminum [39, 40].

Statistical Analysis

The dimensions of the starch granules were estimated using computer aids according to
generally accepted procedures. Using MS Excel, the average values of starch granule size
were calculated and the boundaries of the confidence interval were determined, and graphs
of the distribution of starch granules by size [38] were plotted.

Results and discussion
Results

Granules of native starch, isolated from plant cells of various botanical origin, vary
considerably in form and size, which largely determines the technological features of starch
production, its further modification and subsequent use, if necessary [2, 9, 15].

Scanning electron micrographs of native starch granules of various botanical origin:
potato, corn, tapioca, wheat, rice, rye, pea, amaranth, barley, sorghum, triticale are shown in
Figures 2-5. Figures 6 and 7 give the granulometric analysis of native starch granules of
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different botanical origin (the distribution of native starch granules by size). Granulometric
analysis of native starch granules is based on the results given in Table 1. Table 1 shows the
average, minimum and maximum granule sizes of native starches of different botanical origin
with statistical processing characteristics of the sample studied.

The analysis of the morphological characteristics of native starch granules has shown
that starchy granules predominantly have the following form: in rye and barley, oval and
round, in wheat and triticale, regular oval and round, in pea and potato — irregular oval, in oat
and tapioca — irregular round, in rice and corn — irregular polyhedral, in sorghum — oval and
polyhedral, in chick pea — regular oval, in amaranth — polyhedral (Figure 2-5).

It has been established that the average granule size of native rye, wheat, triticale,
sorghum, barley, rice, pea, chick pea, amaranth, tapioca, potato, corn, oat will accordingly
be: 21,2 (£2,36); 12,4 (£1,90); 13,2 (£1,75); 11,0 (£0,76); 10,9 (x1,15); 5,3 (+0,29); 20,4
(£2,57); 14,8 (£0,93); 1.1 (£0,04); 10,6 (£0,50); 21,7 (x1,22); 9,8 (+0,42); 7,39 (+0,87) um
(Table 1). The minimum and maximum granule sizes of native rye, wheat, triticale, sorghum,
barley, rice, pea, chick pea, amaranth, tapioca, potato, corn vary between: 4,9-42,8; 2,8-27,1;
4,0-30,7; 3,5-21,7; 3,0-21,4; 2,7-7,9; 6,1-32,3; 6,0-25,6; 0,5-1,5; 2,8-31,2; 7,7-60,0; 3,6—
19,2; 3,96-14,91 um (Table 1).

According to the average size of the starch granules all the studied native starches can
be arranged in a descending series (—): potato — rye — pea — chick pea — triticale —
wheat — sorghum — barley — tapioca — corn — oat — rice — amaranth. The largest size
of starch granules was found in potato starch, and the smallest one — in amaranth starch.

In seven types of native starches (sorghum, barley, oat, pea, chick pea, amaranth and
corn), the distribution of starch granules in size is mono modal (one fraction is clearly
identified), in four types of native starches (wheat, triticale, potato and tapioca), distribution
of starch granules in sizeis bimodal (two-fraction), and in two types of native starches (rye
and rice), the distribution of starch granules in size is tri-modal (three-fraction) (Figures 6
and 7).

Discussion

Starch-containing raw materials for the production of native potato starch are tubers of
the Solanum tuberosum (L.) potato plant [2, 3], native corn (maize) starch — the Zea mays
(L.) corn [21, 23], native tapioca starch — tubers of the Manihot utilissima (L.) and Manihot
palmate (L.) plants [2, 26], native sorghum starch — the waxlike Red leoti (L.) sorghum plant
[2], native wheat starch — grains of the Triticum genus plants [2, 16], native triticale starch —
grains of the cereal triticale plant (7ritikale, from Latin «triticum» — wheat and from Latin
«secaley» —rye) — a hybrid of wheat and rye [2], and native rye starch — grains of the Secale
cereale (L.) plants [2], native barley starch — grains of the Hordeum vulgare (L.) plant [2,
13], native oat starch — grains of the Avena sativa (L.) oat plant [2, 5], native rice starch —
grains of the Oryza sativa (L.) rice plants [2, 21], native pea starch — seeds of the Pisum
sativum (L.) plants [2], native amaranth starch — the Joseph’s-coat amaranth Amaranthus
tricolor (L.) or other plants of the Amaranthus genus [2], native chick pea starch — the Cicer
arietinum (L.) chick pea [2].
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Figure 2. Scanning electron micrographs of native starch granules:

a — potato, b — oats, ¢ — corn, d — tapioca
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Figure 3. Scanning electron micrographs of native starch granule:

a —sorghum, b — wheat, ¢ —rice
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Figure 4. Scanning electron micrographs of native starch granules:

a — triticale, b — rye; ¢ — pea
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Figure 5. Scanning electron micrographs of native starch grains:

a — amaranth, b — chick pea, c — barley
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Table 1
Morphological characteristic of native starches of different botanical origin
Parameters Native starches
1 2 3 4 5 6
daver, 21,2 12,4 13,2 11,0 10,9 53
Standard error 1,19 0,97 0,88 0,38 0,58 0,15
Median 21,8 11,3 12,7 11,0 11,4 5,2
Mode 22.4 2,8 13,1 12,2 4,5 4,1
Standard deviation 10,27 7,31 7,24 3,49 5,63 1,11
Sample variance 105,4 53,5 52,48 12,19 31,72 1,23
Excess -0,9 -1,27 -0,67 0,16 -1,34 -0,59
Asymmetry 0,1 0,26 0,51 0,09 0,1 0,06
Interval 37,9 24,3 26,7 18,2 18,4 5,2
in 4,9 2,8 4,0 3,5 3,0 2,7
Aax 42,8 27,1 30,7 21,7 21,4 7,9
Reliability level
(95,0%) 2,36 1,90 1,75 0,76 1,15 0,29
Upper limit 23,5 14,3 15 11,7 12,1 5,6
Lower limit 18,8 10,5 11,5 10,2 9,8 5
Native starches
Parameters 7 8 9 10 11 12 13
daver, 20,4 14,8 1,1 10,6 21,7 9,8 7,39
Standard error 1,25 2,46 0,02 0,26 0,62 0,21 0,43
Median 20,8 14,5 1,1 10,1 19,0 9,7 6,57
Mode H/1 15,8 1,2 8,8 17,1 12,7 5,09
Standard deviation 6,87 3,69 0,18 4,43 8,99 3,38 2,56
Sample variance 47,22 13,59 0,03 19,63 80,88 11,44 6,57
Excess 0,02 0,17 0,71 0,66 2,2 -0,49 0,66
Asymmetry -0,74 0,07 -0,32 0,54 1,4 0,37 1,04
Interval 26,3 19,6 1,0 28.4 52,3 15,5 10,96
din 6,1 6,0 0,5 2,8 7,7 3,6 3,96
Anax 32,3 25,6 1,5 31,2 60,0 19,2 14,91
Reliability level
(95%) 2,57 0,93 0,04 0,50 1,22 0,42 0,87
Upper limit 23,0 15,7 1,2 11,1 22,9 10,2 8,25
Lower limit 17,8 13,9 1,1 10,1 20,5 9,3 6,52

Note: 1 —rye, 2 — wheat, 3 — triticale, 4 — sorghum, 5 — barley, 6 — rice, 7 — pea,
8 — chick pea, 9 — amaranth, 10 — tapioca, 11 — potato, 12 — corn, 13 — oat

Native starch is a natural polymer in which monomers (the residues of a-D-
glucopyranose) are bound by a-(1—4)- and a-(1—6)-glucoside bonds to form amylose (a
linear polysaccharide) and amylopectin (a branched polysaccharide structure). Starch
fractions (amylose and amylopectin) are compactly packaged into starch grains (or granules)
[9, 15].

The source of starch-containing raw materials and the peculiarities of the structural
organization of native starch largely determine the technological methods used for maximally
complete and gentle extraction of the granules of native starch from the plant cell. To obtain
native starch it is necessary to prepare vegetable starch containing raw materials for
processing, to destroy the plant cell, to extract the native starch, to wash it with pure water to
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remove the accompanying impurities, to dehydrate, to dry, to prepack and pack. It is known

that there exist generally accepted methods of processing potatoes to obtain starch using a

variety of technological schemes and various types of technological equipment. However,

regardless of the equipment design, each of these methods includes the production stages that
are characteristic of all modern technologies for the obtaining of potato starch: the
preparation of potatoes for processing, grinding, the isolation of potato (cell) juice and pulp,

the purification of starch, its dehydration and drying [2].

At present, the most rational method is the preparation of native potato starch, which
involves preparation for processing and shredding of starch-containing raw materials, the use
of a multistage hydro-cyclone unit which separates finely ground starch-based raw materials
into a starch suspension and a mixture of pulp with other by-products. Subsequently, a partial
thickening of the starch suspension is carried out, followed by dehydration, drying and
removal of the metal-magnetic impurities, prepacking, packaging, labeling and transportation
of the starch [2].

Methods of corn grain processing to obtain starch include five obligatory steps:
preliminary softening of the corn grain structure by soaking it in an acid medium, isolating
and washing the embryo, isolating and washing the pulp, isolating and concentrating the
protein, washing the starch and drying it [2].

It is possible to improve the technology of native starch extraction in the most optimal
way and also to abandon the technology of chemical modification in many respects. For that
purpose it is necessary to apply the fundamental scientific principle that «the structure of a
substance determines its properties» to the deep processing technologies for starch-
containing plant raw materials.

According to our results, as well as the data obtained by other researchers [42, 43],
starch granules have an oval, spherical or irregular shape, their diameter varies from 0,001 to
0,2 mm. Starchy granules are divided into simple and complex: simple granules are
homogeneous formations; complex ones are a combination of smaller particles. The density
of starch is an average of 1,5 kg/m?>.

The analysis of the peculiarities of the structure of native starch makes it possible to
assume that the main structural characteristic of the native starch which determines its
properties is starch grain (granule). Therefore the features of the size and shape of starch
granules determine the manifestation of the following properties (characteristics) of starch:
1. The amount of bound moisture (the larger the starch granule is, the more bound moisture

there is in starch and vice versa).

2. The temperature of gelatinization (the larger the starch granule is, the less its
gelatinization temperature is and vice versa).

3. Theratio of starch fractions of the branched fraction of amylopectin and linear amylose
(the formation of a starch granule is due to the interaction of linear sections of
amylopectin with each other or with amylose).

4. Rheological characteristics of starch paste (viscosity of starch paste is due to the ratio
of starch fractions of amylopectin and amylose).

Conclusions

1. The main structural characteristic of native starch, which determines its physical-
chemical properties, is a starch granule.

2. A wide variety of forms of starch granules has been revealed. Starchy granules were
found to be of a regular and irregular oval form, of a round form and a polyhedral one.
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The sizes of starch granules range within the following limits: 60,0-0,5 microns.
Depending on the average size of the starch granules the studied native starches can be
arranged in a descending series: potato (21,7 £1,22), rye (21,2 +£2,36), pea (20,4 +2,57),
(14,8 £0,93), triticale (13,2 +1,75), wheat (12,4 +1,90), sorghum (11,0 £0,76), barley
(10,9 £1,15), tapioca (10,6 £0,50), corn (9,8 £0,42), oat (7,39 +0,87), rice (5,3 £0,29),
amaranth (1,1 £0,04). The largest size of starch granules was found in potato starch, and
the smallest one — in amaranth starch.

It was found that in 7 native starches (sorghum, barley, oat, pea, chick pea, amaranth
and corn) the distribution of starch granules in size is mono modal (1-fractional), in the
four of them (wheat, triticale, potato and tapioca) — bimodal (2-fractional), in the two
of them (rye and rice) — tri modal (3-fractional).
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Introduction. The study was carried out to determine
the chemical composition and biological activity of false
acacia flowers and their products (concrete and syrups)
grown in Bulgaria.

Materials and methods. Concrete was obtained by
extraction with n-hexane and its chemical composition was
determined by GC-MS. Syrups with different
concentrations have been obtained and their polyphenols
content, antimicrobial and antioxidant activity were
established.

Result and discussion. The yield of concrete was
1.06% and the major constituents of the concrete are as
follows: n-nonacosane (25.18%), n-heptacosane (20.10%),
a-linolenic acid (5.97%), n-pentacosane (4.98%), palmitic
acid (4.92%), diisooctyl phthalate (4.05%),
hexahydrofarnesyl acetone (3.86%), linoleic acid (3.64%),
isopropyl myristate (3.47%), and n-hentriacontane
(3.39%). The total aliphatic hydrocarbons constituted the
highest percentage of the component of the concrete
constituting 61.50%. The minerals identified as biggest
content in the tested samples of false acacia flowers are
nickel, copper, calcium and chromium.

Higher values of phenolic compounds in the flowers
(0.77 mg GAE/mL) than those of the syrup 60 °Brix (0.06
mg GAE/mL) and R. pseudoacacia syrup 70 °Brix (0.14
mg GAE/mL) were found. The syrup samples exhibit
antimicrobial properties against foodborne pathogenic
bacteria as Salmonella, E. coli and L. monocytogenes.

Conclusion. Based on the chemical and biochemical
properties of false acacia flowers, it could be recommended
as a potential raw material for food, pharmaceutical and
cosmetic products.
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Introduction

Robinia pseudoacacia L. (black locust, false acacia), belonging to the family of
Fabaceae, originally native to the south-eastern USA, is widely distributed as wild and
cultivated species growing in temperate regions throughout the world [1]. The genus Robinia
commonly known as locust comprises 10 species of trees and shrubs characterized by white
or pink flowers with intensive, distinctive, sweet aroma [1, 2]. The flowers are white, borne
in pendulous racemes of 10-15 cm long and are edible, with high nutrient and functional
values. The flowers of false acacia are used in traditional medicine as diuretic, spasmolytic,
sedative and cholagogic agents and relieve inflammation of the kidneys and biliary ducts [3,
4].

The investigation for chemical composition of R. pseudoacacia showed that flowers
were rich in proteins and microelements which could be used for additives in foods [5, 6]. Its
flowers also contained an important bioactive compound called robinin which had a lot of
medicinal usage.

The review of the scientific literature indicated that flowers of false acacia, have been
attracting a special interest due to their gentle fragrance, containing essential oil which
composition depends on geographical region. Volatile compounds of flowers have been
studied by several researchers, as well as aroma profiles in honey made from these flowers.
In 1994, Kandem et al. [7] used Tenax tube cartridges to trap the floral fragrance of fresh
false acacia and analyzed these volatile compounds using GC-MS. §-3-carene (54.6%),
linalool (21%), (Z)-S-farnesene (3.0%) and anthranilate aldehyde (3.9%) were found to be
the major components. Xie et al. [8] analyzed the chemical constituents of top fragrance from
fresh flowers of false acacia growing in China using solid phase microextraction followed by
GC-MS analysis and the main components were linalool (33.1%), (E)-S-ocimene (26.6%),
(E)-a-bergamotene (8.9%) and formanilide (7.4%).

The main bioactive components existed in false acacia flowers include flavonoids,
phenolics, ascorbic acid, etc. [9, 10, 11, 12]. Flowers of false acacia contain volatile
compounds, flavonoids, proteins, robinin, polysaccharide and some microelements [13].

Flavonoids content of false acacia is also of increasing interests to researchers. In 2000,
five flavonoids including acacetin, secundiflorol, mucronulatol, isomucronulatol and
isovestitol were isolated from ethanolic extracts of acacia, following an activity-guided
fractionation [14, 15]. Different parts of acacia have wide application in different areas. Its
flowers could be eaten and are generally used for honey production. The flowers are also
used for preparation of cakes. Series of findings support the consumption of edible flowers
of the false acacia as functional food and their usage as sources of natural antioxidants in the
food industry.

Recently, many investigations have been concerned with antioxidant properties of
different nutritional products [16]. Antioxidant ability has usually been attributed to the
activity of antioxidant enzymes as well as to the content of low-molecular antioxidants such
as carotenoids, tocopherols, ascorbic acid, phenolic substances [3, 17, 18].

According to Marinas et al. [19], the alcoholic extracts of false acacia showed
antimicrobial activity towards the tested strains belonging to the Gram-positive
(Staphylococcus aureus, Bacillus subtilis and Enterococcus faecalis) and Gram-negative
(Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae and Acinetobacter
baumannii) bacterial and the yeasts (Candida sp.) strains. Talas-Ogras et al. [20] studied the
in vitro antibacterial activity of isolated from R. pseudoacacia seed and it had been found
that the Staphylococcus aureus was the most sensitive strain compared with others strains
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(Corynebacterium michiganense, Bacillus subtilis, Erwinia carotovora, Pseudomonas
syringae, Xanthomonas campestris and Escherichia coli).

Bhalla and Bajpai [21] reported significant antimicrobial effects against some of the
selected foodborne pathogens such as Staphylococcus aureus KCTC 1621, Bacillus subtilis
KCTC 3569, Listeria monocytogenes KCTC 3569, Escherichia coli O157:H7 and
Salmonella enterica ATCC 4731 with diameters of the zones of inhibition (15.2+0.3-
17.3£2.0 mm).

As unpretentious species regarding the environmental requirements, it has also adapted
successfully to a diverse range of natural habitats in Bulgaria. Data relating to the
pharmacological and botanical features of the species have been found in the literature. No
detailed data for the composition and application of acacia flowers in the food industry have
been found.

The aim of this study is to determine the chemical composition of false acacia (Robinia
pseudoacacia L.) flowers and their potential application in the food, cosmetic and
pharmacological industries.

Materials and methods
Plant material

False acacia flowers (R. pseudoacacia) were collected in May 2018 from a ten-fifteen -
years - old black locust tree, naturally growing in the foot of the Eastern Balkan Mountains,
in the lands of the village of Topolchane, Sliven, Bulgaria. Samples were identified by an
expert in Agricultural University of Plovdiv, Bulgaria.

The moisture content of the raw material (83.7+0.03%) was determined by drying up to
constant weight, at 105 °C and all results have been presented on a dry weight basis [22].

Obtaining and GC-MS analysis of concrete

Concrete was obtained by two-stage, static batch extraction of 75 g flowers with n-
hexane under the following conditions: hydro module (raw material: solvent) — 1:10 (w/v);
duration of the first and second extraction stage — 1 h and 0.5 h; temperature 40 °C. The
solvent was evaporated on a rotary vacuum evaporator at water bath temperature of 35 °C
[23].

The GC-MS analysis was carried out with an Agilent 5975C MSD system coupled to an
Agilent 7890A gas chromatograph (Agilent Technologies Inc., Santa Clara, CA). Agilent
J&W HP-5MS column (0.25 pm, 30 m x 0.25 mm) was used with helium as a carrier gas
(1.0 mL min™"). The operational conditions were: oven temperature 35 °C/3 min, 5 °C/min to
250 °C for 3 min, total run time 49 min; injector temperature 260 °C; ionization voltage 70
eV; ion source temperature 230 °C; transfer line temperature 280 °C; solvent delay 4.25 min
and mass range 50 - 550 Da. The MS was operated in scan mode. One pL of the sample
diluted with n-hexane (10%, v/v) was injected into the GC/MS system at split ratio 30:1. The
GC analysis was carried out using an Agilent 7890A GC system; FID temperature 270 °C.
In order to obtain the same elution order with GC/MS, simultaneous triplicate injections were
done by using the same column and the same operational conditions.

The identification of compounds was made by comparing their mass spectra with those
from mass spectra libraries [24] and by comparing the literature and estimated Kovat’s
(retention) indices that were determined using mixtures of homologous series of normal
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alkanes from Cs to C49 in hexane, under the conditions described above. The percentage ratio
of volatile components was computed using the normalization method of the GC/FID peak
areas.

Mineral composition of flowers

Content of selected elements was measured by ICP-AES spectrometer:
SPECTROFLAME MODULA-FTMOAS81A. 1 g of air dried sample flowers was weighed
with precision up to 0.001 g, and was poured on with 2 cm? concentrated nitric acid. Mixture
was cooled in freezer until end of foaming process, homogenized on vortex at 3000RPM, and
was heated on thermoreactor KUTESZ type 656 at 120 °C until dissolution of solid phase,
and clarification of solution. After mineralization, the samples were filled up to 20 mL with
2% solution of nitric acid.

Acacia syrup preparation

For the preparation of the acacia syrups with different concentrations, anhydrous citric
acid Parafarm (Saporiti, Argentina) was used to regulate the pH, food grade sucrose, potable
bottled water, each from the same batch, were bought from the local market.

The acacia flowers were stored at 5 °C for 24 h. Acacia syrups are produced in two
different concentrations.

For the obtaining of the lower concentration syrup the acacia flowers were extracted
with a boiling 50% aqueous sugar solution for 10 minutes. Then, cooled in a cold water bath
to 5 °C. The extraction takes 24 hours under refrigeration conditions (4 °C) in the presence
of flowers in the sugar syrup. Citric acid (1% by the weight of the final product) was added
to the syrup. Total soluble solids (TSS) were up to 60 °Brix; water activity — 0.69+0.01
(LabSwift-ay, Novasina, Switzerland); pH — 3.2340.02.

For the obtaining of the higher concentration syrup from acacia flowers, the common
steps for preparation of extract were followed with the difference that they were subjected to
extraction with a boiling aqueous solution of sugar (50%) for 30 min. Citric acid (1% by the
weight of the final product) was added to the syrup. Total soluble solids (TSS) content
reached 70 °Brix; water activity — 0.67+£0.01 (LabSwift-aw, Novasina, Switzerland); pH —
3.1940.02.

The prepared syrups were filtered, cooled properly and poured into sterile glass bottles.

Total phenolic contents

Total phenolic content was measured using a Folin-Ciocalteu reagent. Briefly, 1 mL five
times diluted Folin-Ciocalteu reagent was mixed with 0.2 mL sample and 0.8 mL 7.5%
disodium carbonate. The reaction was performed for 20 min at room temperature in dark.
Then the absorbance was measured at 765 nm against blank. The results were expressed as
mg equivalent of gallic acid (GAE) per mL extract, according to calibration curve [25].

Total flavonoids content

The total flavonoids content was analyzed by aluminum trinitrate (AI(NOs)3) reagents
[26]. The absorbance was measured at 415 nm against blank. The results were presented as
mg equivalents quercetin (QE) per g dry extract according to the calibration curve with
quercetin as a standard.
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DPPH radical scavenging ability

To conduct the assay, 0.15 mL from extract was mixed with 2.85 mL freshly prepared
0.1 mol solution of DPPH in methanol. The sample was incubated for 15 min at 37 °C in
darkness. The reduction of absorbance was measured at 517 nm in comparison to the blank
containing methanol and% inhibition were calculated [25].

Ferric reducing antioxidant power (FRAP) assay

The assay was performed according to Benzie and Strain [27] with slight modification
by Kivrak et al. [26]. The FRAP reagent was freshly prepared by mixing 10 parts 0.3 M
acetate buffer (pH 3.6), 1 part 10 mM 2,4,6- tripyridyl-s-triazine (TPTZ) in 40 mM HCI and
1 part 20 mM FeCl3*6H,O in distilled water. The reaction was started by mixing 3.0 mL
FRAP reagent with 0.1 mL of investigated extract. The reaction time was 10 min at 37 °C in
darkness and the absorbance was measured at 593 nm against blank prepared with methanol.
Antioxidant activity was expressed as mM Trolox® equivalents (TE) per mL extract [25].

Microbiological analyses

For the microbial analyses a crude extract was obtained under aseptic surroundings by
mashing fresh flowers after preliminary washing under tap water, sterilized distilled water
and soaking for 5 min with ethanol and exposing under the influence of ultraviolet
illumination for 20 min.

Antibacterial activity was tested against Gram-positive bacteria - Listeria
monocytogenes NCTC 11994 and Staphylococcus aureus ATCC 25093, and Gram-negative
bacteria — Escherichia coli ATCC 8739 and Salmonella enterica subsp. enterica serovar
Abony NCTC 6017. The selective growth media, were: Listeria Oxford Agar Base /Merck/;
Baird Parker Agar Base with Egg Yolk Tellurite emulsion supplement /Merck/, Rapid’ E.coli
2 Agar /BioRad/ and Mac CONKEY Agar /Merck/, respectively. The media were inoculated
with 24-hour suspension of the bacterial species.

Antimicrobial assay by agar diffusion method

The used inoculums have resulted as actual concentration cells of - Listeria
monocytogenes, Staphylococcus aureus, Escherichia coli, Salmonella enterica into the
responding selective medium about 1.10* CFU/mL. Melted and cooled to 45 °C selective
media were inoculated with the tested microorganisms and next equally dispensed into Petri
dishes. After setting of the media, sterile rings (@ 6 mm) were placed on, and different
amounts of each sample (0.05; 0.10 and 0.15 mL) were put into the rings. Petri dishes were
incubated at 37 °C for 24 or 48 h according to the bacterial spices, and then the distinct zone
of growth inhibition around the rings was measured. The total plate count was estimated by
the conventional plate-counting technique using appropriate dilution.

Statistical analysis
All experiments were performed in triplicate. All data were presented as mean+standard
deviation (SD).
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Results and discussion
Chemical composition of concrete

The yield of concrete was 1.06% (in abs. dry mass). The concrete was yellow waxy
pastes and had sharp odor. Chemical composition of the concrete was shown in Table 1.

The concrete was composed by 34 components representing 99.02% of its total content.
Sixteen of them were in concentrations over 1% and the rest 18 constituents were in

concentrations under 1%.
Table 1
Chemical composition of concrete

Ne Compound RI Content,%
1 |trans-Linalyl Oxide 1074 0.48
2 |cis-Linalyl Oxide 1088 0.65
3 |Methyl salicylate 1175 1.06
4 |p-Anisic acid 1399 0.81
5 |n-Pentadecane 1500 1.12
6 |n-Hexadecane 1600 0.37
7 |Methyl veratrate 1602 0.78
8 |cis-Methyl dihydrojasmonate| 1654 0.69
9 |n-Heptadecane 1700 0.58
10 |(E,E)-farnesol 1722 0.41
11 |(E,Z)-farnesol 1744 0.51
12 |n-Octadecane 1800 0.33
13 |Isopropyl myristate 1814 3.47
14 |Hexahydrofarnesyl acetone 1833 3.86
15 |Diisobutyl phthalate 1862 1.52
16 |Methyl isopalmitate 1891 0.59
17 |Dibutyl phthalate 1914 1.38
18 |Palmitic acid 1942 4.92
19 |Isopropyl hexadecanoate 1989 0.72
20 |Linoleic acid 2098 3.64
21 |a-Linolenic acid 2106 5.97
22 |Tributyl acetylcitrate 2259 0.84
23 [n-Pentacosane 2500 4.98
24 |Diisooctyl phthalate 2589 4.05
25 |[n-Hexacosane 2600 0.63
26 [n-Heptacosane 2700 20.10
27 [n-Octacosane 2800 1.05
28 |all-trans-Squalene 2835 0.59
29 [n-Nonacosane 2900 25.18
30 |n-Triacontane 3000 1.86
31 |n-Hentriacontane 3100 3.39
32 |n-Dotriacontane 3200 0.72
33 |f-Amyrin 3290 0.84
34 |a-Amyrin 3320 0.93
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As could be seen the major constituents (up 3%) of the concrete are as follows: n-
nonacosane (25.18%), n-heptacosane (20.10%), a-linolenic acid (5.97%), n-pentacosane
(4.98%), palmitic acid (4.92%), diisooctyl phthalate (4.05%), hexahydrofarnesyl acetone
(3.86%), linoleic acid (3.64%), isopropyl myristate (3.47%), and n-hentriacontane (3.39%).
The difference in chemical composition of our investigations and the reported data may be
due to environmental conditions under which the plant has grown as well as the variation in
conditions of the analysis.

The classification of the identified compounds, based on functional groups, is presented
in Figure 1.

Phenylpropanoids - 8,91 Triterpenes - 1,79

Oxygen
sesquiterpenes - 1,72

Oxygen
monoterpenes
-1,14

o Aliphatic
xygen hydrocarbons
hydrocarbons -61.5

- 24,94

Components in concrete [%]

Figure 1. Groups of components in concrete

The total aliphatic hydrocarbons constituted the highest percentage of the component of
the concrete constituting 61.50%. The concrete consisted above 10% concentration oxygen
hydrocarbons (24.94%). The percentage of phenylpropanoids, triterpenes, oxygen
sesquiterpenes and oxygen monoterpenes are under 9%.

Mineral composition of flowers

The minerals identified in the tested samples of false acacia flowers are as follows:
boron — 182.64 nm, arsenic — 188.98 nm, zinc — 213.86 nm, manganese — 257.61, iron —
259.54 nm, and magnesium —279.81 nm, and chromium — 283.56 nm, calcium —317.93 nm,
copper — 324.75 nm and nickel — 341.48 nm.

Differences in identified elements relative to other researchers may be due to
environmental factors (geographical, climatic and seasonal). The relatively high levels of
microelements, iron 259.54 nm is found in the active sites of many redox enzymes and
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electron carriers such as hemoglobin and myoglobin, and therefore may have potential
functional benefits in the human body. Copper (324.75 nm) has an important role in the active
site of many redox enzymes and electron carriers, the production of hemoglobin or bone
formation. Manganese (257.61 nm) activates many enzymes.

Content of polyphenolics and flavonoids

The extract of flowers presented the highest phenolic content (0.77 mg GAE/mL),
followed by the acacia syrup 70 °Brix (0.14 mg GAE/mL) (Figure 2). Among the samples,
false acacia flowers have the highest value for flavonoids (0.17mg QE/mL), the total phenolic
content was 0.77 mg GAE/mL. With regard to the heating in the extract and syrup could
rapidly flow inactivation of polyphenol oxidases, presented in flowers. Cooking with heat
may lead to a higher extraction efficiency of total phenolics through destroying of the cell
structure, which may lead to better solvent access and extraction.

Acacia flowers presented the highest flavonoids content (0.17 mg QE/mL), followed by
the acacia syrup 60 °Brix (0.07 mg QE/mL), and syrup 70 °Brix (0.04 mg QE/mL),
respectively (Figure 2).

0,9
0,8
0,7 |
0,6 |
0,5 |
0,4 |
0,3 |
0,2 |

il B
0 I r—

Acacia Acacia syrup Acacia syrup
flowers 60 °Brix 70 °Brix

O Total poliphenolics, mg GAE/mL
m Total flavonoids, mg QE/mL

*IGAE - Gallic Acid Equivalents, 2QE - Quercets Equivalents

Figure 2. The total polyphenolics and flavonoids on R. pseudoacacia flowers and syrups

The results obtained in this study showed that the flowers are rich in phenolic
compounds and have significant antioxidant activity. Flowers of false acacia as a natural
additive in food, cosmetic and pharmaceutical products could be used as effective strategy to
improve their nutritional and medical value while ensuring consumer safety.

Antioxidant activity
There have been few reports on the antioxidant activity of false acacia extracts. The

antioxidant activity of lyophilized extracts of acacia leaves had a lower antioxidant capacity
(1940 umol Trolox equivalent g') compared with Rhus typhina (4651 pmol Trolox
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equivalent g'!), Acer rubrum (3805 pmol Trolox equivalent g'!), and Rosa multiflora (2533
umol Trolox equivalent g!) [28]. Recently, Marinas et al. [19] reported that the highest
content of polyphenols (GAE) was found in the leaf extract (266.7 ng GAE mL"! extract),
followed by the extract of the seeds (232.2 ug GAE mL™! extract), respectively. In addition,
the content of polyphenols presented in the flowers creates a strong antioxidant potential [29].
Differences in the distribution of the polyphenols and flavonoids arise from various factors
that can be biological e.g., the part analyzed and the vegetative stage of the plant [30] and
technical such as the extraction method, the solvents and their concentrations [31, 32] and
there are also differences in the structure and properties of the phenolic compounds presented
in the different samples analysed. False acacia flowers have the highest antioxidant activities
—radical scavenging activity (DPPH — 2.25 mM TE/ml) and metal reducing ability (CuPRAC
—4.52 mM TE/mL) (Figure 3).

5,0
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4,0
3,5
3,0
2,5
2,0 1
1,5
1,0
0,5 1
0,0

i .

DPPH

ABTS

FRAP
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OAcacia flowers, mM TE/ml

2,25

1,48

0,48

4,52

@ Syrup 60 °Brix, mM TE/ml

0,05

0,12

0,10

0,14

® Syrup 70 °Brix, mM TE/ml

Figure 3. Antioxidant activity of acacia flowers and syrups
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0,41

Higher values of isolated metals as copper — 324.75 nm and nickel — 341.48 nm are

directly related to the antioxidant properties of acaci flowers.

Microbiological analyses

The results of antibacterial testing are presented in Table 2.
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Table 2
Diameter of zones of growth inhibition (mm) of tested pathogenic bacteria
Bacteria E.coli Salmonella L. S. aureus
mono
Sample cytogenes
Zones of growth inhibition (mm)
Flowers 0.15mL 25.00 16.00 21.00 0.00
0.10 mL 24.00 8.00 19.00 0.00
0.05mL 4.00 4.00 0.00 0.00
Syrup 0.15mL 18.00 13.00 0.00 0.00
60 °Brix 7970 mL 10.00 0.00 0.00 0.00
0.05mL 0.00 0.00 0.00 0.00
Syrup 0.15mL 20.00 15.00 20.00 0.00
70°Brix 7070 mL 14.00 7.00 12.00 0.00
0.05mL 5.00 6.00 5.00 0.00

The crude extract of false acacia, applied in an amount of 0.15 mL, possessed the most
pronounced antibacterial activity with inhibition zones: 25.00 mm against E. coli, 21.00 mm
against L. monocytogenes and 16.00 mm against Salmonella enterica. False acacia crude
extract had no inhibitory activity against S. aureus.

It is obvious that S. aureus was most resistable bacterium. False acacia syrup 60 °Brix,
applied in an amount of 0.15 mL showed highest antibacterial potential against E. coli with
a zone of inhibition of 18 mm and at the lowest sample concentration (0.05 mL) is ineffective.
False acacia syrup 60 °Brix was effective against Gram-negative bacteria and didn’t inhibit
the growth of the Gram-positive. False acacia syrup 70 °Brix showed antibacterial activity
against E. coli, Salmonella and L. monocytogenes in all applied concentrations. The
antibacterial activity of false acacia syrups with different Total Soluble Solids content is
considered to be due to the high sugar content in their composition.

It is obvious from the results that the activity of the false acacia extract depended on its
concentration and the tested bacteria. This affirmation could be confirmed by the concluded
results of Cioch et al. [33] reported that the type of the extract (ethanol, methanol or water)
and the concentration of black locust displayed distinction in the level of inhibition the
growth of microorganisms used in their experiments. In the case of most microorganisms, it
is reported that their growth was inhibited by concentration of 2.00 mg/mL. Rosu et al. [34]
reported that extracts from different parts of the plant had different antibacterial activities.
Extracts of false acacia flowers and seeds were efficient antibacterials for Gram positive
cocci. Bark and leaf extracts were active against E. coli, Pseudomonas, Proteus, Salmonella
choleraesuis, Candida albicans.

Conclusion
The present study shows that flowers of false acacia (R. pseudoacacia L.) were with

high levels of phenolic compounds and minerals that have pronounced antioxidant properties.
Probably, most of the phytochemicals have preserved during the heat treatment of the syrup.
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Higher values of phenolic compounds in the flowers (0.77 mg GAE/mL) than those of the
false acacia syrup 60 °Brix (0.06 mg GAE/mL) and false acacia syrup 70 °Brix (0.14 mg
GAE/mL) were found. The aromatic substances and phenolic compounds passing through
the extracts exhibit antimicrobial properties against foodborne pathogenic bacteria as
Salmonella, E. coli and L. monocytogenes. This is a reason for more thorough examination
and extensive research of the chemical and biochemical properties of false acacia flowers as
a potential raw material for usage in the food, pharmaceutical and cosmetic industries.
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Introduction. The process of dehulling grain peas is not enough
researched, and there are difficulties of modeling the technological
process as a whole. Presented research results of the process of pea
seeds dehulling allow to understand the behavior of pea seeds
during dehulling in machines with abrasive working members.

Materials and methods. Pea seeds of varying large-scale and
moisture are scaly in the laboratory dehuller. The products of
dehulling were cleaned in the aspiration channel from husk and dust
middlings after this process the products were weighed and
determined the dehulling index. By changing the moisture content
(from 11,6 to 16,6%) and the size of the pea seeds (from 213 to 257
g), the speed of rotation of the working body of the dehuller (from
25 to 41,6 s™), the duration of processing (from 5 to 25 s) and the
coefficient of filling the working chamber (from 0,09 to 0,48) of the
machine was presented dependence of the parameters on dehulling
efficiency.

Results and discussion. It is determined that the increase of
processing time, the pea seeds, the speed of the working organs and
filling coefficient of the working chamber of the dehuller increase
the efficiency of dehulling peas by linear dependence. Increase in
the size of pea seeds contributes to increase of efficiency of
dehulling mainly due to increase of the yield of small. The increase
in the scale of seeds leads to a decrease in the dehulling index.

Along with the increasing efficiency of dehulling, increases and
yield of trinkets at the expense of the kernel. When the moisture of
pea seeds increases, the yield of a fine grits increases comparing to
the dehulling of dry pea. Yield of the kernel is directly proportional
to the reduction of the yield of undehulling seeds. The yield of a
fine grits also has linear dependencies when you change the
following parameters.

In the process of dehulling reduces the ash content of the kernel,
but also decreases the ash content and husk and dust middlings,
which is the result of transition of low-ash content particles of
kernel into the dust middlings.

Conclusions. For effective dehulling of pea seeds, it is
necessary to carry out dehulling for 1015 s, filling coefficient of
the machine must be not less 0,48. Pea seeds with an absolute mass
of 257 g, dehull better than pea seeds with an absolute mass of 213

g.
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Introduction

Technological process of dehulling of pea seeds is carried out in abrasive grinding
machines [5, 27, 35]. The process of dehulling has been researched, despite its extensive
application in grain processing technologies [24, 32]. This creates an obstacle to simulate the
whole technological process.

The process of dehulling in abrasive machines is a scientific problem that requires
detailed research and development of the function of dehullling, which will allow to develop
quantitative balances of technological processes of processing pea seeds in cereals [16].

For cereals in which the shell is firmly increased with the kernel, to assess the efficiency
of the dehulling process used dehulling index [11-13, 21, 22]. On the efficiency of the process
of dehulling pea seeds affect its moisture and duration of processing. Prabhakar S., Phirke
P.S., Bhole N.G. [21, 22] studied the dehulling index for two different types of pigeon peas
depending on different ways of handling peas. Mathematical model of dehulling process was
developed and process optimization was carried out.

With the increase in moisture the efficiency of the process of dehulling of legumes
decreases [15, 23, 27, 33]. Goyal R.K., Vishwakarma R.K., Wanjari O.D. [13] investigated
the effects of moisture on the efficiency of the dehulling process pigeon peas. They have
established that with increased moisture above 10% the efficiency of the process is reduced.
Opoku A., Tabil L., Sundaram J., Crerar W.J., Park S.J. [19] investigated different ways of
handling pigeon peas to increase the yield of the kernel. It has been found that heat treatment
contributes to an increase in the kernel of the pea. Tiwari B.K., Jaganmohan R.,
Venkatachalapathy N., Tito Anand M., Surabi A., Alagusundaram K. [31] optimized the
influence of the process of hydrothermic treatment of pea seeds and its drying on the
efficiency of seed dehulling pigeon peas. From their studies you can trace the increase in
efficiency of dehulling with the increase of duration of hydro-thermal processing.

Goyal R.K., Vishwakarma R.K., The Wanjari O.D. [11, 12] has developed a
mathematical model and optimized the process of dehulling pigeon peas. The mathematical
model takes into account the pea moisture and duration of dehulling. These models do not
take into account the large pea seeds and the filling of the equipment. The shortcomings of
these models is that they can be used only for the dehullers on which the research is carried
out and do not reflect all the features of the process of dehulling on other types of machines.

On the process of dehulling also affects the rotational speed of machine working organs
[3, 10, 16, 17, 33]. Mangaraj S., Singh K.P. [17] developed a mathematical model and
optimized the process of dehulling in the industrial machine, taking into account the speed
of rotation of the working body, machine dimensions and machine performance.

One factor that affects the efficiency of dehulling is the scale of seeds [7, 10]. Most
studies were conducted without regard to this factor.

Vereshchinskii A.P. [28] investigated the impact of the load on the effectiveness of
wheat dehulling in the technologies of flour milling producing production. It has found that
the amount of grain loaded into the dehuller affects the effectiveness of its dehulling by
curved dependence.

Singh U., Santosa B.A.S., Rao P.V. [25, 26] studied efficiency of dehulling of different
genotype pigeon peas. They have determined that different gene types of pea have different
efficiency of dehulling.

Studies conducted by many scientists performed on the tangential abrasive dehulling
device (TADD) [6, 8, 10, 18, 19, 21, 24, 26], which are structurally different from the
industrial machines of continuous action. The main difference is the absence of the tangential
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abrasive dehulling device trellis, which is displayed by dehullling products: husk and dust
middling.

Laboratory abrasive machines with lattice canvas [4, 8, 11-13, 15, 27, 31] are better
suited for modeling the dehulling process, which occurs in industrial machines continuous
action with trellis canvas [27] in the middle. The results of the studies that are obtained at the
tangential abrasive dehulling device are less suitable for development of dehulling function
for industrial analogues in connection with the other nature of the dehulling process.
Construction of the tangential abrasive dehulling device (TADD) provides a dehulling by the
force of friction of grain on the abrasive disc [24], the influence of other forces is
insignificant. In the machines with trellis canvas there is dehulling due to friction on the
abrasive disk, the friction of grain on the lattice canvas and friction between the seeds [16].
The tangential abrasive dehulling device does not allow to investigate the effect of filling on
the efficiency of dehulling due to a limited amount of seeds, which can be covered in a
machine [24].

Most of results of the research is devoted to the study of the process of dehulling pigeon
peas. Information about the process of dehulling field peas is not enough. The disadvantage
of many of these studies is that it is not considered a large scale of seeds of field pea, which
is a factor that affects the efficiency of dehulling of pea seeds. Information on the influence
of the above parameters on the efficiency of the dehulling of field pea insufficient purpose
of this work was to study the influence of duration of dehulling, speed of rotation of working
organs of dehuller and load on the efficiency of process dehulling field peas of different
moisture and large size.

Materials and methods

Materials

The technological process of dehulling of the seeds of the field of different moisture
and large size, when changing the parameters of work of dehuller and processing duration is
investigated.

Methods

Grain preparation for research

Before the beginning of the research, pea seeds were cleaned from light impurities by
means of transmission through a laboratory aspiration channel. The cleared pea seeds were
sifted on a lattice with a diameter of holes of 5,0 mm, which was allocated by a small faction
of seeds, and the east is a large faction of seeds. The selected large faction of the seeds were
subjected to repeated sifting on the same lattice canvas with a diameter of holes of 5,0 mm
with a view of a more complete selection of small seeds. Partially dehulled, broken, eaten
seeds selected from the main mass and directed to the waste. The research was conducted
only with fully whole seeds, which had the whole seed shells.

The separation of peas on large and small fractions allowed to establish the influence of
large pea seeds on the effectiveness of its dehulling under all other conditions.

Method of determining the moisture content of pea seeds

We have to choose from the main mass of the selected seeds of big and small fractions
which were crushed in the laboratory mill. After that the crushed product of 5 g was dried in
the dryer at a temperature of 130 °C, within 60 minutes. Then cooled in ecliptic and weighed
in technical scales with the subsequent recalculation of moisture [2].
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Method of determination of bulk density and mass of 1000 seeds

The volume weight of seeds of peas is determined when we load 1-liter seeds of peas
in a pelvic container 14, 20].

Among the large and small fractions of pea seeds picked up 1000 whole seeds, after
which the selected seeds were weighed [4]. Weighted samples were recalculated on the
absolbno mass of pea seeds by the formula:

100-w
A=
100
where I — moisture pea seeds,%; mpp0 — mass 1000 seeds, g.

X M09 (1)

Method of humidisting of pea seeds
The amount of water added to the pea seeds in order to increase its moisture was

calculated by the formula:
G =G 100-w, 11> 2)
" s 00-w,
where Gy, G — according to mass of water and mass of seeds, kg; Wy, W, — in accordance
with the moisture of seeds initial and specified,%.
After water was added to the grain, it was thoroughly stirred and left to be cut for three
days in a closed container.

Technique of dehulling pea seeds

Dehulling of large and small fractions of pea seeds carried out in laboratory dehuller
(model ULZ-1), by changing the speed of the working body of the machine with 25 s (1500
rpm) to 41,6 s (2500 rpm), and the duration of dehulling changed from 5 to 25 s with a step
duration handling 5 s by using an electronic timer that is equipped with a dehuller.

The dehuller ULZ-1, is the analogue of the machine Satake Grain Testing Mill TMO05
[4, 8, 34]. With the difference that in the machine ULZ-1 used trellis canvas with round holes
with a diameter of 2,0 mm [16, 28]. Abrasive discs of 14A40CM mark.

The efficiency of the process of dehulling was determined by the dehulling index, which
is calculated by the formula [15, 29, 30, 33, 34]:

1, =" 00 3)
m,
where, m; —mass of seeds to dehulling, g; m, — mass of kernel, small and half pea seeds after
dehulling, g.

During the research on the installation of the effect of processing duration on the
efficiency of dehulling process, mass of gravity was 100 g. During research on the
measurement of filling influence on efficiency of dehulling, mass of seeds of pea seed took
40, 80, 120, 160, 200 g.

Products of dehulling passed through the aspiration channel on the scheme, which is
shown on Figure 1. Air mode of aspiration channel was installed visually with the help of
frequency converter of turnovers, so that only a husk and a dust middlings were taken to the
bunker. Cleaned of husk and dust middlings shredding products were weighed and calculated
the dehulling index in the percentage of formula 3. After weighing, purified products of
dehulling were sorted on trellis canvas with diameter of holes 5,0 mm for the purpose of
selection of trinkets.
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The selected trifle was also weighed and
calculated its yield as a percentage, in relation
to the general mass of pea seeds, which were
directed on dehulling.

Method of research on the installation
of influence of filling on efficiency of
dehulling

Seeds of large and small fractions in the
amount of 40, 80, 120, 160, 200 g separately
scaly in the dehuller for 15 s. The rotation

) speed of the working body of the machine was
i 25 51 (1500 rpm).
}L Products of dehulling passed through the
i aspiration channel (Figure 1) in order to
| separate the light impurities, after which they
| weighed and counted the dehulling index on
Huskand ¥ the formula 3.
dust Purifiad After weighing the products of dehulling
middlings product were sifted on a lattice with a diameter of holes
of 5,0 mm in order to isolate the crushed
Figure 1. Scheme of research: particles, which also weighed and calculated
1 — dehuller; 2 — aspiration channel; their yield as a percentage to the masses of
3 - frequency converter of revolutions undehulling seeds.

The obtained research data was used to
determine the coefficient of filling the working chamber of the dehuller.
The coefficient of filling of working chamber of the dehuller was calculated by the
formula:

K =l @)
where K — is the coefficient of filling of working chamber of the dehuller; ¥, — volume of
seeds loaded in the dehuller, m?; V,, — volume of working chamber of dehuller, m>.

Amount of grain was calculated by the formula:

m
v, = = Q)
where m — weight of seed, which is loaded into a dehuller, kg; y — bulk density peas seeds,
kg/m?.
Bulk density of large fraction amounted to 779 g/l, and weight of small fraction is 782
g/l.
The volume of the working chamber of the dehuller was calculated by the formula:
D’ d®
Vo= - H (6)
" 4 4

where D — respectively, the diameter of the lattice fabric of the dehuller and abrasive wheel,
m; H — height of the lattice of the dehuller, m.

The diameter of the gray cylinder was 0,165 m, diameter of abrasive discs — 0,15 m.
Height of sieve cylinder — 0,058 m.
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Methodology of the influence of moisture on the efficiency of dehulling

In six containers of 0,5 1 filled with 200 g of pea seeds, added a calculated amount of
water, which was calculated according to formula 2, taking into account the primary moisture
of the pea. The estimated moisture step was 1,0%. After the addition of water, the tank closed
the lids and moved intensively for 10 minutes and left on the drainage for three days.

After the sting of peas, from each tank was taken 40 g peas to determine the actual
moisture, and 160 g peas were dehulled for 20 s and all other same conditions. The speed of
the working body of the machine constituted 25 s (1500 rpm).

The products of dehulling passed through the aspiration channel (Figure 1) with the
purpose of separating the husk and the dust middlings, after which the cleaned products were
weighed and calculated as a percentage of the dehulling index.

After weighing the products of dehulling sifted on a lattice with a diameter of holes of
5,0 mm in order to isolate the crushed particles, which also weighed and calculated their yield
as a percentage.

The results of the researches were presented as dependence of "moisture — dehulling
index". The research was carried out in three repetitions with large and small factions of peas
separately.

Technique of determining the ash content product of dehulling

A large faction of pea seeds with moisture of 11,6% and an absolute mass of 257 g was
scaly at the duration of 5, 10, 15, 20, 25 s, the speed of rotation of the working body of the
dehuller was 25 s! (1500 rpm). After each test the cleaning machine was thoroughly cleaned
of all products to avoid mixing of products of different ash content, which were obtained at
different duration of processing.

The ash content was determined by the following methods. The weight of 2 g was
burned in a muffle furnace at a temperature of 600...900 °C for 4 hours. The ash content
indicator was determined by the dry substance by the formula [1, 9]:

m, -100-100
Z=——F——<
m ,(100-W)

where m. — ash content weight, g; m, — weight of sample of product, g; W — product
moisture,%.

Separately determined the ash content of the kernel and the ash content mixture of husk
and dust middlings.

™)

Results and discussion
Effect of processing duration on the efficiency of dehulling

The researches found that between the duration of treatment in the dehuller and the
efficiency of dehulling of pea seeds there is linear dependence regardless of moisture and
large pea. And also the speed of rotation of the working body of the dehuller. Dependence of
the dehulling index of large and small fractions of peas from the duration of processing are
shown in Figure 2 and 3.
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Figure 2. The dependence of the dehulling Figure 3. The dependence of the dehulling
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From Figure 2, you can see that regardless of all other factors increase the duration of
processing in the dehuller from 5 to 25 s led to the increase in the dehulling index in the
processing of large fraction of pea seeds, the absolute mass of which was 257 g. The smallest
efficiency of dehulling was observed at rotational speed of working body 25 s™! and moisture
of pea 11,6%. The index was correspondingly increased from 10,2 to 19,6%. Increase of
rotation speed of working area of the dehuller from 25 s! to 41,6 s! increases the dehulling
index on average by 5,0%. Increasing the speed of the working body of the machine provides
a more intense impact on the efficiency of the process, which leads to its increase.

Increased pea moisture from 11,6 to 16,6% led to increased efficiency of dehulling. At
the speed of rotation of the working body of the dehuller 25 s, the dehulling index was
increased from 12,2 to 30,8%. Under these same conditions increase the speed of the rotation
from 25 to 41,6 57! led to an additional increase in the dehulling index, which increased from
18,5 to 39,4%.

The smallest efficiency of dehulling was observed at dehulling of dry seeds, regardless
of'its size. This can be explained by the fact that peas creates more resistance ripe than moist
peas. With the increase in moisture of peas there is a violation of shells with the kernel, as
well as the kernel becomes more plastic, which leads to a lighter abrasion in the action of
abrasive bodies of dehuller and the increase of the yield of small [16].

From Figure 3 data, you can see that regardless of all other factors increase the duration
of processing in the dehuller from 5 to 25 s led to the increase in the efficiency of dehulling
while processing the small fraction of pea seeds, the absolute mass of which was 213 g. The
dehulling index was increased from 8,7 to 18,8%. The increase in the rotation speed of the
working body from 25 s! to 41,6 s! led to an additional increase in the dehulling index,
which has changed from 11,9 to 23,8%.

The increase in moisture of small fraction of peas from 11,6 to 16,6% led to increased
efficiency of dehulling peas only at speed of rotation of working body of dehuller 41,6 s
At the speed of rotation of the working body of the dehuller 25 s the reverse effect of
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influence was observed. Small peas with moisture of 16,6% scaly worse than peas with
moisture of 11,6%. The dehulling index was increased from 3,2 to 21,7%. This may be the
result of the fact that the small peas in damp condition carries more resistance to the
comprestiance than dry.

The greatest efficiency of dehulling of small pea was observed at the moisture 16,6%
and rotation speed of the working body 41,6 s!. Under these conditions, the dehulling index
was increased from 11,0 to 30,6%.

Comparing Figures 2 and 3 can be seen that a large fraction of pea is more effective
than small in all other same conditions. and the action of moisture on large seeds is more than
small, resulting in greater importance of dehulling index. This can be explained by the fact
that large pea seeds have less resistance to comprestiance than small.

In the process of dehulling, in addition to whole seeds of pea, formed pea fine gritz. The
results of the study of a fine grits yield are shown in Figures 4 and 5.
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Figure 4. Dependency yield of fine grits at a Figure 5. Dependency yield of fine grits at

different duration of dehulling of large pea different duration of dehulling of small
fraction: fraction of peas:
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The smallest yield of fine grits at dehulling of a large fraction of peas was observed at
moisture of pea 11,6% and speed of rotation of working body of dehuller 25 s*!. With the
increase in the duration of processing from 5 to 25 s the yield of a small scale linearly
increased from 3,2 to 5,4%. Increase the rotation speed of the working body of the dehuller
with 25 s to 41,6 s°!, has led to an increase in the yield of a fine grits at dehulling of a large
fraction of peas with moisture of 11,6%.

Increased moisture of a large pea fraction from 11,6 to 16,6% substantially led to an
increase in the yield of a fine grits. At the speed of rotation of the working body of the
dehuller 25 s, the yield of a fine grits increased from 5,3 to 25,0% duration of dehulling
from 5 to 25 s. Increase the rotation speed of 25 s! to 41,6 s! led to an increase in the yield
of a fine grits from 11,9 to 21,0%.
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At the dehulling of small fraction of peas there is a similar effect of pea moisture and
rotational speed of working body of the dehuller. The smallest yield of fine grits was
observed at moisture of pea 11,6% and speed of the working body of the dehuller 25 57!, with
increasing the duration of the dehulling of small pea from 5 s to 25 s, the yield of fine grits
increased in accordance with 3,8 to 6,4%. The increase of rotational speed of working body
of the dehuller with 25 s to 41,6 57!, led to an increase in the yield of a fine grits, which
increased depending on the duration of dehulling from 4,4 to 10,5%.

With the increase in moisture small fraction of pea seeds from 11,6 to 16,6% yield of
fine grits considerably increased by linear dependence. At rotational speed of working body
of dehuller 25 s™!, the yield of a fine grits increased from 2,5 to 14,5%, depending on the
duration of dehulling, which ranged from 5 to 25 s. With increasing speed of working body
of dehull machine with 25 s to 41,6 s! and the increase of moisture of small pea from 11,6
to 16,6%, the yield of fine grits additionally increased from 9,0 to 19,5%, with duration of
dehulling from 5 to 25 s.

Comparing the Figures 4 and 5, you can see that the yield of a fine grits is bigger in
large pea faction. In the dehulling of dry pea seeds with moisture of 11,6%, the yield of fine
grits varies within 1,0% regardless of the fraction of the faction, and with increasing moisture
up to 16,6% of the yield of fine grits is increased for both large fraction and small. Larger
yield of a fine grits traced at dehulling of large fraction.

The following data can be output: increasing the duration of dehulling, the rotation
speed of the working body and the pea moisture leads to an increase in the yield of small.
The smallest yield of fine grits was observed at dehulling of dry seeds as large and small, and
with increase of moisture yield of fine grits increases, which is the result of change of its
structural-mechanical properties.

Increase of the yield of a fine grits at increasing the speed of rotation of a working body
of the dehuller can be explained by the fact that the more intensive action on pea seeds due
to the frictional forces [3, 10, 16, 17, 33]. The effect of moisture to increase the yield of fine
grits can be explained by the fact that moisture reduces the strength of connections in the
middle of the kernel peas, due to which forms a larger yield of fine grits during dehulling [5,

35].
R 80 y. During the processing of peas in
° 70 groats, a fine grits is a byproduct. Increasing
-§ 60 / the yield of a fine grits leads to a decrease in
5 50 2" the yield of the whole kernel, so it is
%S necessary to try to reduce its yield, it can be
T 40 achieved by processing dry pea.

2 30 Analyzing the data of the kernel yield

s 1 yzing i
20 .\“\ and undehulled seeds, it is found that the
2 “\Tv yield of undehulled seeds varies linearly
0 | inverse of the yield of the kernel, as shown
0 10 20 30 in Figure 6. With the increase in the yield of

the whole kernel, the yield of undehulled
seeds on the same amount decreases. The
Figure 6. Yield of the kernel and undehulled  moisture of the pea was 13,6% and the

Duration of process, s

seeds at fine pea dehulling: speed of rotation of the working body of the
1 —yield of undehulling seeds; 2 — yield of dehuller totalled 41.6 s™
kernel ’ '
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Effect of filling on efficiency of dehulling

In order to establish dependence of influence of the load on the efficiency of dehulling
the pea was perfomed study of the dehulling of large and small fractions of pea seeds at the
constant duration of dehulling 15 s, the constant speed of rotation of the working body of the
dehuller, which amounted to 41,6 s™! and the various pea moisture.

It is found that the dehulling of both large and small fraction of seeds of peas by
moisture of 12,9%, with increase in the mass of grain loaded into the dehuller, the dehulling
index increases by linear dependence. This indicates that with all the immutable parameters
of the process, the efficiency of dehulling will increase by increasing the mass of pea seeds
in the dehuller. The results of research are shown in Figure 7.

When dehulling a large fraction of pea seeds with 17,4% moisture (line 3 in Figure 7)
was called the rotor of a dehuller, which was not observed when dehulling a small fraction
with moisture of 16,8%. This can be explained by the fact that the increase in the moisture
of pea seeds leads to increased friction coefficient between seeds, at the expense of which
increases resistance to the working body of the dehuller.

Having expressed a mass of grain due to the coefficient of filling of working chamber
of dehuller we obtain dependence of the efficiency of dehulling from filling coefficient of
working chamber of the dehuller at constant time of dehulling, which totalled 15 s.

When dehulling large fraction of pea seeds with 12,9% moisture, the dehulling index
was increased from 9,7 to 16,0%. The coefficient of filling of working chamber of the
dehuller was increased from 0,09 to 0,48, as shown in Figure 8. In the dehulling of the small
fraction of peas with moisture 12,9%, the dehulling index increased from 6,3 to 16,1% in the
same conditions. This data shows that small pea fraction is less erased in the process of
dehulling than large and requires greater duration of dehulling than a large fraction to achieve
similar result.
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With increased moisture of a large pea seed fraction from 12,9 to 17,4%, the dehulling
index was increased from 5,6 to 18,7% depending on the coefficient of filling the working
chamber of the dehuller from 0,09 to 0,48. When the fine fraction of pea seeds with moisture
16,8%, the dehulling index increased from 1,3 to 17,6% at the same coefficients of filling the
working chamber of the dehuller.

Attention is paid to the fact that at the small filling of working chamber of the dehuller
(K = 0,1) with the dehulling of moist seed as large and small fractions of pea seeds The
dehulling index is smaller and totalled 5,6% and 1,3% than in the processing of dry fractions
pea seeds. For dry large and small fractions of pea seeds dehulling index was 9,7% and 6,3%.
This indicates that when the small filling of the working chamber dehuller, moisture seed
increases the resistance of friction forces operating in the working area of the machine.

The research is determined that the yield of a trifle also has increased with the increase
in the coefficient of filling of working chamber of dehuller by linear dependence, as shown
in Figure 9.

The yield of small pea fraction with the moisture of 12,9% increased from 0,9 to 11,2%,
with the appropriate increase in coefficient of filling of working chamber from 0,09 to 0,48.
With the increase in the moisture of pea seeds of large fraction from 11,6 to 17,4% and
increase of filling coefficient of working chamber of dehuller from 0,09 to 0,48, the yield of
small-scale increase from 1,9 to 15,9%. The increase in the pea seeds of large fraction of the
faction led to an increase in the yield of small.

When the meadow small fraction of pea seeds were observed the similar dependence.
With the increase in the filling coefficient of working chamber of dehuller yield of small-
scale machines increased from 0,9 to 12,2%. With the increase in moisture of small fraction
of pea from 12,9 to 17,4% and the corresponding change in filling coefficient of the working
chamber of the dehuller from 0,09 to 0,48, the yield of a small scale is increased linearly from
1,8 to 18,2%.

The given research results show that the moisture and weight of the loaded pea seeds in
the dehuller increase of the yield of a fine grits during the process of dehulling under all other
conditions. This data also confirms the results of the study shown in Figure 2 and 3.

The duration of dehulling also influences the efficiency of the process. In order to
establish a general effect on the efficiency of dehulling pea seeds processing duration and the
coefficient of filling of working chamber of the dehuller was carried out by dehulling of large
fraction of pea seeds with 12,6% moisture. The results of researches, which are shown in
Figure 10 indicate a gradual increase of efficiency of dehulling under all other conditions.

Apparently from the drawing of 10 data with increase in coefficient of filling of the
worker of chamber from 0.09 to 0.48 and with increase in duration of dehulling with 10 to
25 with dehulling the index while the nature of process remains invariable linearly increases.

The yield of fine grits is also subject to linear dependence, as shown in Figure 11. The
largest yield of fine grits was observed at the duration of dehulling 25 s and the coefficient
of filling of working chamber of the dehuller 0,48, and the smallest yield of fine grits was
observed the duration of dehulling 10 s and the coefficient of filling of working chamber of
the dehuller 0,09.

The given evidence indicates that the duration of finding pea seeds increases the
dehulling index, but the nature of the process remains without changes.
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Investigation of moisture influence on the efficiency of dehulling peas

The data of Figures 2 and 3 indicates that the moisture affects the efficiency of the
dehulling of peas, however the character of this dependence remains unknown. Conducted
researches have shown that with the increase in moisture of pea seeds the efficiency also
increases with all other conditions of the process of dehulling, as shown in Figure 12. During
the investigation of the absolute mass of seeds of large fraction amounted to 226 g, the
absolute mass of seeds of small fraction constituted 196 g.

Figure 12 shows that the large fraction of the pea change of moisture from 10,8 to 16,5%
led to the growth of the dehulling index from 15,6 to 27,4%. When the small fraction was
formed, the moisture was changed from 12,1 to 16,9%, the dehulling index was smaller and
increased from 15,1 to 22,6%. The results obtained are consistent with the research of other
researchers [13,15, 19, 23, 27].

Smaller values of the dehulling index confirm the previous research that the small peas
are worse than the same for all other conditions.

With increasing the efficiency of dehulling due to the increase in the moisture of peas
also increases the yield of fine grits at line dependence, as shown in Figure 13. The smallest
yield of fine grits is observed at low moisture of peas, and with increased moisture of the pea,
yield of small lines increases.
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Figure 12. Effect of pea moisture on the Figure 13. Yield of fine grits depending on
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Analysis of the ash content dehulling products

By studies of ash content content of kernel, husk and dust middlings at the dehulling of
a large fraction of peas found that the ash content is changing linearly depending on the
duration of dehulling of pea seeds, as shown in Figure 14.

Data Figure 14 It is confirmed that the ash content content of dehulling linearly
decreases with the increase of duration of dehulling. With the increase in the duration of the
dehulling from 5 s to 25 s, the kernel's ash content decreased from 2,86 to 2,42%, under these
conditions, the ash content content of husk and dust middlings decreased from 3,7 to 3,32%.
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40 From figure 14 data, you can see that

X the direct change in the ash content is parallel
z 38 2 to one another. This indicates that with
g 36 4.\”?-7 increasing the duration of dehulling of high-
g 34 — ash content products, which are separated
< 3,2 from the kernel are transferred to products
< 3,0 that form the flow of husk and dust middlings

28 |1 & and have less ash content than husk and dust

26 \ middlings. With a gradual decrease in the
24 kernel of the kernel, the ash content particles
’ are also diminished, which are sent to husk
2,2 and dust middlings, which leads to a decrease
2,0 in their ash content.
0 10 20 30 From these data it is possible to
Duration of process, s conclude that with the increase of duration of
dehulling, the compression of a low-ash
Figure 14. Change of ash content content of  ¢optent kernel leads to decreasing of the flow
kernel, husk a};‘;‘::‘:zt'i“::‘dli“gs of large of husk and dust middlings, which reduces
. : o the yield of the kernel and increases the yield
1 —kemel; 2 ~ husk and dust middlings of husk and dust middlings, whose ash
content is also reduced.
The results of the researches give an opportunity to better understand the behavior of
pea seeds in the dehulling process.

Conclusions

Scientific novelty of the results consists in the fact that it allows to understand the
behavior of pea seeds in the process of dehulling during its processing at different parameters
of the process.

1. Increasing the duration of dehulling from 5 to 25 and increases the efficiency of
dehulling of pea seeds according to linear dependence, regardless of the size of the pea
seeds.

2. Increase in the moisture of pea seeds from 11,6 to 16,8% also leads to increased
efficiency of dehulling. Efficiency of dehulling with increase in moisture increases by
increasing the yield of small.

3. Increase the rotation speed of the working body of the dehuller with 25 s to 41,6 s°!
leads to increased efficiency of dehulling peas.

4. Big seeds of peas - a factor which reduces efficiency of dehulling..

5. At efficiency of dehulling also significantly influences the coefficient of filling of
working chamber of the dehuller. Regardless of the large pea, increasing the coefficient
of filling of the working chamber of the dehuller leads to increased efficiency of
dehulling on linear dependence.

6. With the increase in duration of processing, the speed of the working body of the
dehuller, the load factor of the working chamber of the dehuller, as well as moisture
contributes to an increase in the yield of fine grits by decreasing the yield of the whole
kernel. Under the same conditions, the yield of fine grits is smaller when the small
fraction is at the expense of greater resistance to the joints.

7.  The maintenance of ash-content of a kernel and peel and goods of average quality of
dust - linearly reduction with the increasing process duration..
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Introduction. The purpose of research — to establish optimal
cultivation conditions to determine of the efficacy of development
lactic acid bacteria isolated from goat milk.

Materials and methods. Strains cultivation were performed
in sterilized goat milk medium at the 30+2 °C. Parameters
determination have been established for the periodic cultivation
in bioreactor Sartorius Biostat® A plus. Count enumeration of
lactic acid bacteria cells was performed using the spread count
method.

Results and discussion. The slow pH decrease was observed
at all selected strains during cultivation time. Lactic acid has been
accumulated proportional what shows the intense development of
the lactic acid bacteria up to 14 cultivation hours. The active
development is characterized through moderate acidity of
fermented milk.

Data of strains development dynamics and the biomass
accumulation in the medium goat milk-based proved the
obtaining to maximum count of lactic acid bacteria cells 1g
CFU/g.

At the same time the regression analysis of the pH value
dinamics and viable cells count were performed for exactly
describes results of the experiments. The strains CNMN-LB-73,
CNMN-LB-74, CNMN-LB-77 and CNMN-LB-78 has the
accurate regression line at pH dinamic and strains CNMN-LB-73,
CNMN-LB-74, CNMN-LB-75, CNMN-LB-76 and CNMN-LB-
78 at the dynamic of cells development. Strains development
stages have observed since 10 hours of cultivation. The decline
phase started after 12 hours for CNMN-LB-76, CNMN-LB-77,
CNMN-LB-79 strains and after 14 hours for CNMN-LB-73,
CNMN-LB-74, CNMN-LB-75, CNMN-LB-78, indicating that
they are more resistant to acid conditions that isolated strains
reported by other authors, cell multiplication was observed until
the pH 4.7.

Conclusions. In conditions of periodic cultivation
biotechnological parameters for cultivation of lactic acid bacteria
from goat milk were determinated. Obtained data demonstrated
important biotechnological properties of isolated strains.
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Introduction

Milk is a complete and favorable medium for many microorganisms or a convenient
survival medium for other microorganisms and viruses that do not multiply in milk but can
pollute it.

The main source of milk contamination is the external environment; the microorganisms
reach the milk from the atmosphere due to the lack of hygiene of the shelters and the animal,
the way of the milk processing, milking, the way of cooling and transporting of the milk and
the water that does not correspond the sanitary-veterinary requirements.

It is worth mention that goats has much lower sanitary-epidemiological risk because
they do not suffer from such diseases as brucellosis, tuberculosis and other diseases affecting
bovine animals, doing goat's milk consumed raw. Raw goat milk preserve its proteins, lipids,
sugars, vitamins, enzymes and mineral salts which have higher antioxidant properties
compared to cow's [1, 2]. That is why goat milk products have nutritional and curative
properties [3, 4].

There is research demonstrated that goat milk and goat milk products contain more less
pathogenic bacteria than other animals' milk [5].

Many authors have published results of the quality and safety research of cheeses made
from raw goat milk. These cheeses did not contain pathogenic bacteria of the Salmonella,
Listeria, Escherichia, Staphylococcus species compared to cheeses made from other animals'
milk [6, 7].

It is well known that milk is also a natural source of lactic bacteria strains which are
specific microflora and in most cases useful for the dairy industry. These bacteria have
important biotechnological properties for the food industry. The starter cultures contained
lactic acid bacteria are widely used for dairy products from cow’s milk. At the same time
goat milk products obtaining needs in the cultures from lactic acid bacteria isolated from goat
milk — their natural habitat. In laboratory of food biotechnology investigations were carried
at isolation and selection of perspective autochtonous lactic acid bacteria from raw goat milk
and determination their biotechnological parameters of cultivation for starter culture creation.

For the industrial production of dairy products with regulation of legislation should be
used pasteurized milk and chosen starter culture which can provide a high product quality
and safety with a long shelf life due to active biotechnological properties.

From different regions of Republic of Moldova were studied 150 samples of raw goat
milk. As result of cultural, morfological, phisiological and biochemical tests were selected 7
isolates with characteristic features to the species Lactococcus lactis ssp. lactis, Lactococcus
lactis ssp. lactis biovar diacetylactis, Lactococcus lactis ssp.cremoris and Streptococcus
thermophilus.

Strains have been characterized by valuable technological properties as protective
culture to inhibit the growth of Salmonella and Escherichia population in goat cheese.

The selection of new lactic acid bacteria strains for the industrial purpose based on pure
cultures that have improved organoleptic properties of the product. It is important to establish
the optimal conditions for cultivation that to determine the development efficacy [8].

This paper presents the results of biotechnological parameters determination for lactic
bacteria cultures, obtained at conditions of periodic cultivation.Based on the obtained data, it
is determined the evolution of the pH of the fermented milk, the dynamics of strain
development and count of viable lactic acid bacteria cells.
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Materials and methods

Materials

Strains of the species Lactococcus lactis ssp. lactis, Lactococcus lactis ssp. lactis biovar
diacetylactis, Lactococcus lactis ssp.cremoris and Streptococcus thermophilus have been
isolated from the samples of raw goat milk from different regions of the Republic of
Moldova. Also identified strains have been stored in the National Collection of
Nonpathogenic Microorganisms of the Institute of Microbiology and Biotechnology.

For the cultivation of bacteria was used medium of skimmed sterilized goat milk. The
skimmed milk was sterilized at 1 atm pressure up to 10 minutes [9];

Enumeration of bacterial cells was performed using the spread count method cultured
on an agarified medium based on hydrolysed milk. In hydrolysed milk was added 1,5-1,8%
agar-agar. After 20-30 min was soften, after that melted at 1 atm up to 15 min. Obtained
medium was dispensed into the dishes and sterilized 10 min at 1 atm (121+2) °C [9].

Methods
Assessmentofacidificationactivity

Acidification activity was establish by the pH degree of the milk fermented by the strain.
pH measurement was performed by using the electronic pH meter HANNA. The titratable
acidity of milk was determined in accordance with ISO 11869: 2012 and measured in turner
degrees (T °) [10].

Bioreactor online monitoring: During the bioreactor fermentation, online monitoring
parameters of pH have been carried out in the Sartorius Biostat® A plus bioreactor under of
periodic cultivation conditions at 30+2 °C. Parameters of cells count have been enumerated
and recorded.

Regression analysis

Regression analysis are used to determined the relationship between one dependent
variable and one or more independent variables. It is designed to find the regression model,
which expresses the correct experiments results.

To find stationary points of optimal model must be determined the confidence interval
calculation for the regression equation.

Confidence interval calculation

The confidence interval (CI) is a type of interval estimate, computed from the statistics
of the observed data, that might contain the true value of an unknown area parameter. For CI
calculation is used formula (1):

Cl =(M —t o

S S

sy =M+t —=)>
a 1 \/; o 1 \/;
where M — the sample mean; t,,.1 — the t value for the desired confidence level a (from the
Student’s coeficient table); n — samples size; S — the area standard deviation

Statistical analysis

The mathematical processing of the obtained experimental data according to
experiments matrices type x> was performed using Microsoft Excel and Advanced Grapher
2.2. software for graphs interpretation of the results.
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Results and discussion

One of the biotechnological properties of lactic acid bacteria is the cells viability which
plays the crucial for their applications as dairy starters and as probiotics. But the significant
count of LAB cells lose activity due to the death of microorganisms during product
storage.These applications are conduced to various stress conditions that affect to the
biotechnological properties of the bacteria.

The maintenance of the viability presents one of the survival concept. Viability has to
be demonstrated by investigation methods.

Previously, we conducted studies dedicated to evaluated the stability of
biotechnological activity of strains in fermented goat milks samples for 28 days of storage at
refrigeration conditions. During experiments the post-acidification was observed in time of
cooling and this fact can be explained by the residual metabolic activity of lactic acid bacteria.
It is known that activity of B-galactosidase for cleavage of lactose hold active even at the
storage refrigeration temperature [11]. This is contributed to the accumulation of lactic acid,
acetic acid, citric acid, butyric acid, acetaldehyde and formic acid produced by the starter
cultures [12, 13, 14].

The viability of lactic acid bacteria has been affected by acidity. Research results
indicated decreasing the count of viable lactic bacteria (CFU/ml) in the first week of storage
what is related to the increase of acidity, though at 28 storage day concentrations of lactic
bacteria in fermented milk were at the probiotic level (107 CFU/ml) [15]. Obtained result
proves opportunity to obtain a high quality product with probiotic properties and a long shelf
life [16]. According to the bibliographic study, the fermented milk has probiotic properties
when the lactic acid bacteria in it remain at count min 10° UFC/g at the moments of
consumption [17, 18]. The results confirm the maintain stability of biotechnological
properties of goat milk strains described by other authors [19].

This research due to biotechnological properties on the dynamics of the strains
multiplication and the evolution of the pH value of goats' skim milk were carried out in the
bioreactor at the temperature of 30+2 °C.

The confidence intervals of the equation for the pH parameter of a milk fermented by
strain CNMN-LB-73 were calculated at using MO Excel (Tabel 1-2).

Tabel 1
Confidence intervals

Lactococcus lactis subsp. lactis biovar. diacetilactis CNMN-LB-73
Time,h pH value
x1 x2 xmed x1-xmed x2-xmed
0 6,7 6,6 6,65 0,05 -0,05
2 6,58 6,62 6,6 -0,02 0,02
4 6,40 6,35 6,37 0,03 -0,02
6 6,17 6,22 6,2 -0,03 0,02
8 5,86 5,94 5,9 -0,04 0,04
10 5,62 5,71 5,66 -0,04 0,05
12 5,10 5,08 5,09 0,01 -0,01
14 4,77 4,88 4,82 -0,05 0,06
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Tabel 2
Confidence intervals
xr(rf:(;)z xr(rf:(i)z xrzn(:(ll-)z Variation | Confidence Conf1 Conf 2
0,0025 0,0025 0,005 0,05 0,016794 6,633206 | 6,666794
0,0004 0,0004 0,0008 0,02 0,006718 6,593282 | 6,606718
0,0009 0,0004 0,0013 0,025495 0,008563 6,361437 | 6,378563
0,0009 0,0004 0,0013 0,025495 0,008563 6,191437 | 6,208563
0,0016 0,0016 0,0032 0,04 0,013435 5,886565 | 5,913435
0,0016 0,0025 0,0041 0,045277 0,015207 5,644793 | 5,675207
0,0001 0,0001 0,0002 0,01 0,003359 5,086641 | 5,093359
0,0025 0,0036 0,0061 0,055227 0,018549 4,801451 | 4,838549

The results of fermentation process by selected strains during to the cultivation time are
presented in Figures 1 and 2. Determined decrease pH values is closely related to high level
of lactococci and streptococci, contributed to the faster development of acidity. The high
rate of viable lactic acid bacteria cells was maintained during the whole fermentation period
and will able to maintain in final product based on the presented mathematical data.

pH

Time period (hours)
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Figure 1a. Modification of pH value of goat milk fermented by lactic acid bacteria at a
temperature of 30+2 °C
1 - CNMN-LB-79; 2 - CNMN-LB-78; 3 - CNMN-LB-75; 4 - CNMN-LB-73
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Figure 1b. Modification of pH value of goat milk fermented by lactic acid bacteria at a
temperature of 30+2 °C
5 - CNMN-LB-76; 6 - CNMN-LB-77; 7 - CNMN-LB-74;

Based on mathematical data processing and regression equations obtained by the order
x? was describe the dependence of pH during of cultivation time which allow to predict the
acidogenesis process. The regression analysis is presented in Figures 1-2.

As aresult of the strains growth the 2 pH value = 4.6 at 14 hours of cultivation.

Analyzing the data from Figure la and 1b, it is noted slow pH decrease during
cultivation time to all strains. Thus, after 14 hours the ApH of the strains was 2.37 units,
indicating the accumulation of lactic acid by the intense and proportional development of the
lactic bacteria.

Based on regression equations shower on Figure 1a and 1b the results strongly indicate
that the confidence intervals are calculated correctly. The data show the moderate acidity and
sufficient biochemical activity of these strains.

Thus, the following regression equation of the pH value of goat milk fermented by
selected strains is obtained:

L. lactis biovar diacetylactis CNMN-LB-73 Y (x)=-0.0063X>-0.0474X+6.68

L. lactis CNMN-LB-74 Y (x)=-0.0058X°-0.0504X+6.6208
L. lactis CNMN-LB-75 Y (x)=-0.0042X°-0.0865X+6.8125
L. lactis CNMN-LB-76 Y (x)=-0.0020X?-0.1348X+6.5854
L. cremoris CNMN-LB-77 Y (x)=-0.0042X?-0.0893X+6.6991
L. cremoris CNMN-LB-78 Y (x)=-0.0025X°-0.0987X+6.6037
Str. thermophilus CNMN-LB-79 Y (x)=0.0035X2-0.2098X+6.7079
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The next point was to determine biotechnological parameters of selected lactic strains.
Date obtained on Figure 2a and 2b shows development kinetics at the beginning of the
logarithmic phase through the polynomial model of x2 order also. These graphs help to
determine the absolute maximum point of the function.

Methods of mathematical analysis were used according to the optimal model. The
critical points were found by formation the experimental dependencies (the cells count during
cultivation time), in which the absolute maximum values of the function were determined.
Extremes obtained according to mathematical models coincide with the extremes obtained in
the experiment, which confirms that the experiment was performed exactly.

The comparative evaluation of the extremes of the dependency models at order (2?) is
presented in Table 3.

Tabel 3
Extreme points of lactic acid bacteria count at temperature 30+2 °C
Experiment Mathematical model
Strain Regression equations extremes extremes
X y X y
CNMN- y=-0,0253x2 + 0,7473x
LB-73 32583 14,78 8,89 14,77 8,77
CNMN- y=-0,0221x2 + 0,6435x
LB-74 44,1985 14,31 8,92 14,56 8,88
CNMN- y =-0,0285x> + 0,7941x
LB-75 ©3,1202 13,71 8,66 13,93 8,65
CNMN- y =-0,0237x2 + 0,5796x
LB-76 47508 11,69 8,30 12,23 8,29
CNMN- y=-0,0251x2 + 0,6437x
LB-77 13,8808 12,49 8,06 12,82 8,00
CNMN- y =-0,0236x> + 0,6299x
LB-78 + 4.5895 13,29 8,75 13,34 8,79
CNMN- y =-0,0596x> + 1,3449x
LB-79 1.3035 11,31 9,00 11,28 8,89

The strain development and biomass accumulation are presented on Figures 2a and 2b.
Also at the these figures the regression equations obtained to each strain were used to
determine the extremes. Knowing the factors that influence to the lactic acid bacteria growth,
according to the table it can be chosen an optimum. Based on showed regression equations
the results strongly indicate that the confidence intervals are calculated correctly.

Thus, the following regression equation of the lactic acid bacteria growth is obtained:

L. lactis biovar diacetylactis CNMN-LB-73 | Y (x)=-0.0253X?+0.7473X+3.2583
L. lactis CNMN-LB-74 Y (x)=-0.0221X°+0.6435X+4.1985
L. lactis CNMN-LB-75 Y (x)=-0.0285X°+0.7941X+3.1202
L. lactis CNMN-LB-76 Y (x)=-0.0237X>+0.5796X+4.7508
L. cremoris CNMN-LB-77 Y (x)=-0.0251X°+0.6437X+3.8896
L. cremoris CNMN-LB-78 Y (x)=-0.0236X°+0.6299X+4.5895
Str. thermophilus CNMN-LB-79 Y (x)=-0.0596X°+1.3449X+1.3035
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Figure 2a. Lactic acid bacteria growth at temperature 30+2 °C

1 - CNMN-LB-79; 2 - CNMN-LB-78; 3 - CNMN-LB-75; 4 - CNMN-LB-73
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Figure 2b. Lactic acid bacteria growth at temperature 30+2 °C
5 - CNMN-LB-76; 6 - CNMN-LB-77; 7 - CNMN-LB-74
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The obtained regressions showed on Figure 2a and 2b described enabled accurate
determination of fermentation process related to biological activity of the strains. The
CNMN-LB-74, CNMN-LB-75 and CNMN-LB-78 amount the maximum of the logarithmic
phase of growth at 14 hours of cultivation, CNMN-LB-73 at 15 hours, CNMN-LB-76 and
CNMN-LB-77 at 12 hours of cultivation and the strain CNMN-LB-79 amount the maximum
of the logarithmic phase of growth at 11,5 hours of cultivation, what is characterized to the
cultures of this specie.

Figure 2a and 2b showed the graphs of parameters monitoring for growth of selected
lactic cultures, respectively, that have been carried out for 18 h of fermentation. The
cultivation of the strains showed exactly the phase of the exponential multiplication and the
phase of decline. According to mathematical models, the extremes have been obtained, which
can determine the number of viable cells during cultivation - the absolute maximum of the
function in the researched area at the moment (Table 3).

Although the technologically important parameters like optimal pH and temperature for
industrially used strains are well known, the behaviour of the quantitative growth
characteristics like specific growth rate, lactic acid production rate and growth with changing
pH, temperature and other environmental factors are relatively poorly studied. Methods based
on the measurement of pH or acid formation are used to determine the temperature optimum
and acidifying activity of LAB.The method is optimal and convenient to determination
technological parameters the acid formation rate and biomass concentration in food
environment.

Several authors have studied the capacity of lactic bacteria to survive at low pH values.
They have demonstrated the resistance of lactococcus at the environment with pH no lower
that 4.8 [20, 21].

The obtained results showed that the decline phase of the selected strains started after
12 hours to the CNMN-LB-76, CNMN-LB-77, CNMN-LB-79 strains, after 14 hours
CNMN- LB-74, CNMN-LB-75, CNMN-LB-78 and after 15 hours to the CNMN-LB-73
indicating that the selected strains are more resistant to acidic conditions and cell
multiplication is observed until the pH = 4.7.

Conclusion

In conclusion, from the parameters controlled during the fermentation in the bioreactor,
showed high count of viable cells even at influence factor of pH value with acidic condition.
The process become more productive in periodic cultivation condition in goat milk based
medium. After storage period at refrigeration conditions selected strains demonstrated high
regeneration capacity in goat milk medium rich in nutrients and exhibit specific biochemical
properties. Obtained data allow to modificate cultural medium which will have a significant
stimulating effect on viability of strains isolated from goat milk. Defining of cultivation
conditions allow the production of autochthonous cultures will be used as starters in
traditional dairy-making from goat milk.
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Introduction. Studies have been carried out to determine
the impact of technological processing, in particular, on the
processes of blanching and deaeration on the chemical
composition of cranberry marsh puree.

Materials and methods. Puree of marsh cranberry was
investigated for identification of bioflavonoid; methods of
high-performance  liquid  chromatography,  electron
spectrometry, gas chromatography with mass detector of
initial and hydrolyzed samples were used.

Results and discussion. It was established that as a result
of technological reprocessing of cranberry into puree, the
amount of ascorbic acid decreased by 13.5 times; the content
of phenolic substances in puree from cranberry fruits is 983
mg%, anthocyanins — 160 mg%,; the content of water-soluble
pectin is increased to 3.0%, which is associated with partial
hydrolysis of protopectin, fiber — 3.1% of the mass fraction of
dry matter of puree. In puree from cranberries, 36.6% of sugars
are contained in the mass fraction of dry matter of puree, of
which 28.8% are reductive, namely glucose and fructose, the
increase of which is due to partial acid hydrolysis of sucrose
during the processing of berries in puree.

In puree, the presence of anthocyanin compounds found
in the original sample is in a bound state with citric acid, as
well as mono-oxycarboxylic acids. A number of organic acids
have been identified: 3-hydroxybutyric acid; ferulic acid,;
amber, apple, citric acids. When processing cranberry into
puree, it preserves natural preservatives contained in fresh
berries. Thus, in cranberry puree there is benzoic acid in the
amount of 122.2 mg%=+15% and a small amount of sorbic acid
is available up to 2.5 mg%. The positive effect of cranberry on
growth retardation of the yeast of the genus Candida was
investigated.

Conclusions. Cranberry puree is a natural source of
biologically active substances and natural preservatives and is
recommended for use in long-term storage functional foods.

—— Ukrainian Food Journal. 2018. Volume 7. Issue 4

615



Food Technology ——
Introduction

An analysis of the current world trends in the creation of a new range of foods with high
nutritional value has shown the feasibility of using berry raw materials [1]. Such raw
materials include berries of cranberry marsh (Oxycoccus palustris Pers). This is a high-
yielding wild berry, rich in various groups of nutrients, which is dominated by a group of
biologically active substances [2]. The value of wild berries is that the content of biologically
active substances significantly exceeds the one that the cultivated berries contain [3].

In recent years, throughout the world, much attention has been paid to the study of the
chemical composition and useful properties of this berry [3,4,6]. It is characterized by low
demanding conditions of cultivation, high yields, rapid recoupment of costs, considerable
nutritional value and rich chemical composition [1].

The chemical composition of the cranberry is unique. The cranberry contains mono -, di
— and polysaccharides to 4.8-8.1% per 100 g of fruit pulp, of which mono- and disaccharides
are up to 3.8%, and pectin substances —up to 2.8% [2].

The cranberries are rich in organic acids (benzoin, citric, apple, oxalic, quinic), according
to data [6], the total amount of those is up to 3.5%, and high content of ursolic acid is noted
in the pulp of berries [6]. By structure and genetic this ursolic acid is close to many
physiologically important hormones, it has mineralocorticoid activity and is capable of
delaying the development of aseptic inflammation [7].

The presence of mono- and disaccharides in combination with organic acids form the
taste qualities of berries, and hence — the source product as well [1, 2]. High acidity of pulp
of berries creates conditions for prolonged storage of raw materials in fresh state (8—10)
months, in frozen — throughout the year [4]. The nutritional and medicinal quality of the
berries depends on the degree of maturity of the cranberries. Unripe berries contain little
benzoic acid, which is why they quickly deteriorate [7].

The content of vitamins, and especially vitamin C, varies significantly (12-35 mg%)
depending on the season. In the berries of the autumn harvest, this vitamin breaks quickly,
and in the snow gathering is almost absent [4]. Of vitamins, in addition to vitamin C,
thiamine, riboflavin, nicotinic acid, there are routine (0.53—1.28 mg%), pantothenic acid,
pyridoxine. Recently, the value of cranberries as an important source of phyllohitone (vitamin
K1) has been proved, the deficit of which leads to processes of formation of prothrombin of
blood, its share in cranberry berries makes 0,8-1,0 mg% [8].

There are a lot of flavonoids in berries of cranberry that own a powerful antioxidant
effect and are useful in the fight against the major ailments of the present — cardiovascular
diseases, malignant tumors, infections [9, 10]. Bioflavonoids have a wide range of
pharmacological effects. Being powerful natural antioxidants, bioflavonoids protect the cells
of our body from the destructive effects of free radicals [11].

In addition to physiological activity, phenolic compounds have important functional and
technological properties — these are natural dyes, antioxidants, preservatives. Polyphenols
also contain aromas that determine the taste in many foods.

Cranberries contain polyphenolic compounds: anthocyanins — up to 180 mg%,
leucoanthocyanins — up to 160 mg%, catechins — up to 260 mg%, paints and tannins — up to
1200 mg% [1, 12]. Antioxidant, especially polyphenolic components of cranberries, inhibit
the growth of cancerous and tumor cells. In addition, polyphenolic compounds cause the
coloring properties of semi-finished cranberries, that is, they are natural dyes [13].

The colors of the cranberries are represented by chlorophyll, carotenoids and
anthocyanins; when berries are ripening, the chlorophyll content is significantly reduced, and
the anthocyanin content increases [4]. The average value of the content of anthocyanins in
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cranberries in terms of cyanidin-3-glucoside is 80 mg of crude weight of berries [14].
Therefore, the use of puree from cranberries as a dye component, along with its other
properties, is a promising solution.

Proanthocyanidins contained in the cranberry also act as antioxidants [12]. Due to the
increased content of proanthocyanidins and antioxidants per 1 gram of berries (more than in
any other fruit), cranberry strengthens the body's defenses in the fight against antiradicals,
which are the cause of many chronic diseases [15, 16]. Therefore, the identification and
quantification of phenolic compounds in cranberries must be accompanied by multilateral
research.

From literary data it is known that cranberries contain natural antimicrobial components,
including benzoic acid [17]. The first mentions of the presence of benzoic acid in the
cranberry berries were brought to their articles by the American scientist G. F. Mason [17].
Later, a number of scientists, with the help of modern methods of analysis, determined the
quantitative content of this natural preservative. It is known that a significant influence on
the amount of benzoic acid is made by conditions of growth, weather characteristics of the
growing season, etc. [2, 4]. Thanks to its antiseptic properties benzoic acid in a cranberry,
provides long-term storage of fresh berries. The conducted studies [18, 19] of antimicrobial
action of cranberry juice have shown that the concentration of juice in the amount of 5.33%
is sufficient to stop the growth of fungi of the genus Candida.

The increase in interest in natural phytonutrients is due both to the rigid regulation of
their use in food products, and to the desire of manufacturers to provide products with the
status of natural ones [13].

The above information makes cranberry a promising raw material for use in food
technology. To date, a large number of studies have been carried out on the study of the
chemical composition of cranberry, which confirms the content of a wide range of
biologically active substances [20, 21]. Many studies have been carried out on the chemical
composition of cranberry, depending on climatic conditions, degree of ripeness, duration and
storage conditions [3, 4, 24, 25]. But the berries undergo a certain technological treatment
and are used in the form of puree, the chemical composition of which can significantly differ
from the initial chemical composition of fresh berries [22].

The purpose of the research is to determine the influence of technological treatment of
blanching and deaeration on the chemical composition of cranberry puree.

Materials and methods
Materials that are studied

Investigated cranberry marsh puree, collected in the Volyn region of Ukraine. The
production of cranberry puree was carried out by blasting the berries with sharp steam for 5—
6 minutes, their rubbing and deaeration. Blanching reduced microbial contamination,
contributed to the destruction of the membrane, which prevents the penetration of steam into
berries, partial denaturation of skin proteins and increase the penetration of tissue. Blanched
fruits were rubbed and sent to deaeration. The deaeration process was carried out under
vacuum to remove the residual moisture and air to prevent the oxidation of biologically active
substances and preserve the color of puree [13].
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Description of techniques

The mass fraction of dry substances was determined by the refractometric method, the
essence of which is to determine the mass fraction of dry matter by the refractive index of its
solution [1].

The mass fraction of total sugars and reducing agents was determined by hot titration
[2].

Actual acidity was determined by potentiometric pH method by Lur’ye [3].

Pectin substances were determined by the titrimetric method, which is based on the
titration of the alkaline pre-selected and prepared pectin substances before and after
hydrolysis. The titration results are proportional to the number of free and esterified carboxyl
groups [2, 3, 30].

The content of food fibers was investigated by the method of hydrolysis of readily
soluble carbohydrates with a mixture of concentrated acetic and nitric acids [1, 3].

The content of vitamin thiamine (B1) was determined by the method based on oxidation
of thiamine in thiohrum, its extraction in an organic solvent and measuring the intensity of
fluorescence.

The method of determining vitamin riboflavin (B2) is based on fluorescence
measurement spectrophotometrically in hydrolyzate with 4M KH,;RO, and the addition of
standard riboflavin.

The determination of vitamin niacin (PP) is based on a reaction that takes place in two
stages. At the first stage, the interaction of the peridine ring of nicotinic acid with the bromide
rodanum occurs. At the second stage, the coloring of the derivative glutacone aldehyde is
formed, which is directly proportional to the mass fraction of vitamin and is measured
colorimetrically [3].

The amount of ascorbic acid (C) was determined by spectrophotometrically extracted
and centrifuged sample with citrate-acetate buffer and 2, 6-dichlorophenylphenol solution,
read adsorption at a wavelength of 520 nm [26].

The mass concentration of phenolic substances was determined by the colorimetric
method [26].

To determine the content of bioflavanoid, the following methods were used:

— Ultrasonic high-performance liquid chromatography (UPLC) with diode-matrix detection
(PDA), which simultaneously records the electronic absorption spectrum of compounds.
The results are obtained on the device of brand WATERS (USA). The analysis was
carried out in the gradient mode of changing the composition of the mobile phase
(acetonitrile-water). Column ACQUITY UPLC®BEHC3g 1.7 um, 50 * 2.1 mm;

— Electronic spectroscopy. The results were obtained on the device of brand Specord 210
Plus (Germany);

— Gas chromatography with mass-selective detection and a library of mass spectra before
and after acid hydrolysis of source and modified (TMS derivatives) forms. The results
were obtained on the Agilent GC/MSD 7890A/5975C with a capillary column of HP-
SMS [28, 29].

High-performance liquid chromatography (UPLC) [26] was used in this work. To
identify compounds with mobile atoms, the method of derivatization (getting derivatives)
[26] was used to increase the molecular weight of the starting compound at a known value,
to carry out a higher quality chromatography, and also to increase its initial molecular weight
— reliable identification. In studies, N-methyl-N-trimethylsilyl-trifluoroacetamide (TMS)
reagent was used for this purpose.

The production of ethanol concentrate (organic compounds) was carried out as follows
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[26]: 3,087 g of cranberry puree are transferred to a 100 cm? flat bottom flask, filled with 60
cm’® of 96% ethyl alcohol, and added to the reflux condenser and kept in a boiling water bath
for 90 minutes. After that, the water bath is cooled, the condenser is washed with 5 cm? of
ethyl alcohol, and the contents of the flask are transferred (filtered) into a volumetric flask of
100 cm?®. Then 35 cm® of ethanol was added to the flask and the procedure was repeated. The
volume of ethanol concentrate was adjusted to 100 cm?.

When conducting an acid hydrolysis [26], the weight of the raw material (approximately
0,992 g) weighed to the fourth mark to the nearest quarter is transferred to a 100 cm® flat
bottom flask, 20 cm’ of ethanol, 20 cm?® of distilled water and 10 cm® of concentrated
hydrochloric acid are added. After attaching the flask to the reflux condenser, the mixture is
kept in a boiling water bath for 90 minutes. After that, the condenser is washed with 20 cm?
of distilled water, the flask is cooled. The contents of the flask are transferred into a separating
funnel through a paper filter of 100 cm?, adding 25 g of sodium chloride, mixing thoroughly
and removing the organic compounds with ethyl acetate (pre-adding water to it), two times
for 30 cm®. After drying the ethyl acetate extracts with anhydrous sodium sulfate, the organic
solvent is distilled in vacuo. The residual after distillation is dissolved in 50 cm® of ethanol.

To obtain TMS derivatives, 5 cm® of ethanol concentrate of the sample is placed in a
beaker and at 80 °C ethanol is removed. To the dry residue, 300 pg of anhydrous pyridine
and 100 pg of N-methyl-N-trimethylsilyl-trifluoroacetamide reagent are added. Beaker is
closed and put in UZB for 30 minutes. After this, 1 cm? of acetonitrite is added to the beaker,
mixed and GC/MS is tested according to the procedure described.

The study of the content of natural preservatives (benzoic and sorbic acid) was carried
out according to the method described in work [30] and using the high-performance liquid
chromatograph Varian 920-LC, the spectrophotometric detector.

To study the microbiological criteria as well as the microbiological stability of the
cranberries purée, a research by counting the number of colonies formed as a result of sowing
on the nutrient medium was carried out [31]. To determine the diameters of zones of growth
retardation of microorganisms, preparations using cranberry puree of different concentrations
were used.

Results and discussion
Chemical composition of cranberries berry puree

Table 1 shows the main organoleptic characteristics of the obtained puree.

Table 1
Organoleptic characteristics of cranberry puree

Indicator Characteristic of the indicator
Appearance and consistency | Homogeneous, puree-like, rubbed mass
Color Homogeneous throughout the mass, dark red
Scent and taste Inherent in cranberries, sour

Preparation of puree is accompanied by a short-term effect of high temperature during
blasting of berries, which may lead to the destruction of biologically active compounds [32].
Therefore, it was advisable to conduct a study of the chemical composition of puree of
cranberries, the results of which are given in Table 2.
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It was found that vitamin C is most susceptible to destruction, in berries of cranberry
its amount was 35 mg%, in puree it remained 2.6 mg%, that is decreased by 13.5 times. This
is due to the high thermal stability of ascorbic acid and its degradation under the influence of
heat, which accompanies the process of blanching berries with cranes when processed in
puree [32].

The content of water-soluble pectin in puree has increased and makes up almost 3.0%
of the mass fraction of dry matter of puree; it is probable [32] during the heat treatment
process under the influence of organic acids there was a partial hydrolysis of the protopetyte
of plant tissues, as a result of this process, the amount of water-soluble pectin has increased.
The increased amount of pectin in puree should have a positive effect on the formation of the
composition of the produced and foamy-gelatanious like structures and to prevent the
intensive removal of moisture from the product, which will extend the shelf life [23, 33].

The fiber content was 3.1% to the mass fraction of dry matter with cranberry puree,
the total content of dietary fiber in puree exceeded 6.1%. Although they are not absorbed by
the body [34], however, they contribute to the implementation of many positive functions:
remove toxic metals and radionuclides from the body, inhibit the development of rotting
microorganisms, prevent excessive boiling of carbs, and promote the binding of endogenous
and exogenous toxins [35].

Table 2
Chemical composition of cranberry puree
Indicator Content of substances Content of substances to
per 100 g of puree mass fractions of dry
matter of puree
Total mass fraction of dry 24,0+1,5
substances,%
Mass fraction of water- 12,5£1,5
soluble dry substances,%
Actual acidity, pH 4,37+0,1
Organic acid content,% 3,6+0,5 15,0+0,5
Total sugar content,% 8,8+0,5 36,6+0,5
The content of reductive 6,9+0,5 28,8+0,5
sugars,%
Pectin content, r/100 r 0,72+0,1 3,0+0,1
Fiber content, r/100 r 0,75+0,1 3,1+0,1

Total content of phenolic
substances, mg%

Incl. mass .concentratlon of 38.440.25 160+0.25
anthocyanins, mg%

23549.,9 983+9.9

Vitamin content, mg%

Vitamin C 2,64+0,3 11+0,3
Thiamine (B,) 0,035+0,3 0,14+0,3
Riboflavin (B) 0,018+0,3 0,43+0,3
Niacin (PP) 0,08+0,3 0,43+0,3
Ash,% 0,32 1,3+0,3
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That is, it is possible to predict [30] that the adding cranberry puree in the production of
food products may partially increase their nutritional value by adding to the product of useful
nutritious fibers.

It was determined that in cranberry, 36.6% of sugars are contained in the mass fraction
of dry matter of puree, of which 28.8% are reductive, namely glucose and fructose, the
increase of which is due to partial acid hydrolysis of sucrose during processing berries in
puree.

The most common class of organic compounds in plants are acids. Lemon and apple
cranberry juice is preferred in puree. The total content of organic acids is 15% to the mass
fraction of dry matter of puree.

Also vitamins — thiamine (B1), riboflavin (B2), niacin (PP) were identified in puree. The
amount of ash elements was 1.3% of the mass fraction of dry matter of cranberry puree.

Identification of bioflavonoids in cranberry puree

Special attention to the cranberries has recently been crocheted due to the presence of a
significant amount of bioflavonoid in it. Therefore, it was advisable to investigate the content
of this class of compounds in the investigated berry.

The separation of the ethanol concentrate of cranberry purée using UPLC-PDA method
confirms the presence of phenolcarboxylic acids in the sample (the mixture, since the
chromatographic peak is highly blurred) — 4.38 minutes (Figure 1, A); Fennel compounds -
5.74; 6.23 min (Figure 1, B); as well as the mixture of anthocyanins -5.29 min (Figure 1, C).

The quantitative correlation between these compounds is determined (Table 3).

Table 3
Quantitative correlation between compounds according to Figure 1 a, b, ¢
Duration Mass Duration Mass Duration Mass
of fraction of of fraction of of fraction of
detention the detention the detention the
amount,% amount,% amount,%
PDA 335.0 nm PDA 350.0 nm PDA 315.0 nm
4,384 88,39 5,738 39,38 5,287 100
5,193 11,61 6,229 37,19
6,639 23,43

After acid hydrolysis, the chromatogram (Figure 2) is characterized by the presence of
three anthocyanins with the same nature of the electron spectra, which indicates one nature
of the aglucone [12]. It should be noted about the increase in the time of anthocyanins’
coming out. This is due to the fact that in the original sample they were glycosylated, that is,
they are connected with carbohydrates. Flavonoids, in addition to catechins and
leukoanthocyanins, are relatively rare in the free state. Most of them are presented in the form
of various O- and C-glycosides. The diversity of flavonoid glycosides is due to a significant
amount of sugars (glucose, arabinose, xylose, etc.) and the ability to attach them to a number
of positions of aglycones, as well as the fact that sugars may have different configuration of
glycoside bonds and the order of the connections between them [12].
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Figure 2. Acid hydrolyzate chromatogram (PDA 350.0 nm)

The quantitative correlation between these compounds is determined (Table 4).

Table 4
Quantative correlation of compounds in accordance with Figure 2 (PDA 350.0 nm)

Ne | Volume of sample, Duration of detention, Mass fraction of the
cm® min amount,%
1 1,0 5,389 10,81
2 1,0 5,884 52,39
3 1,0 6,511 36,60

Conducting the TMS derivatization reaction allowed to identify many more compounds:
formaldehyde; 3-hydroxybutyric acid; fumaric acid; citric acid. In addition, a number of
carbohydrates have been identified: sorbosis, glucose, butanic acid derivatives; dictone
propanoic acid; malonic acid; ethyl ether and free citric acid. The total content of phenolic
substances in puree of cranberries is up to 235 mg%, therefore, cranberries may be
recommended for use in the creation of food products for health purposes [36].

The data of scientific literature [27] indicates the expressed antimicrobial action of
cranberries isolated from the fruits of biologically active substances.

Antimicrobial action of benzoic acid and its salts is based on the ability to suppress the
activity of enzymes [5]. Specific antibacterial and antifungal efficacy against Escherichia coli
and Candida is active 24 hours after use [19]. Benzoic acid is able to block succinate
dehydrogenase and lipase, the enzymes that break down fats and starch [19]. It suppresses
the growth of yeast and bacteria of butyric fermentation, weakly acts on bacteria of vinegar
fermentation and quite slightly — on lactic acid flora and mold [19].

Since berry purees have the optimal composition of nutrients, they are a good
environment for the development of microorganisms of damage that can come from the
surface of the skin of berries into pulp [37]. Particularly dangerous is the development of
some species of fungi of the genus Penicillium, which are capable of secretion of mycotoxin
patulin, which has a carcinogenic and mutagenic effect [37]. But in the sources [1, 3, 5, 17],
there are discrepancies regarding the data on the quantitative content of preservative in wild
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berries. From a scientific point of view, it was of interest to determine the amount of natural
preservatives in puree, which was made from cranberries.

In cranberry puree, benzoic acid was identified in the amount of 122.2 mg%=+15% and a
small amount of sorbic acid — up to 2.5 mg%. Preservation of these natural preservatives in
cranberry puree after the technological processing of berries, confirms preliminary studies of
the preservation of the antimicrobial capacity of cranberry juice after autoclaving, are given
in [32].

An experiment was conducted to investigate the effect of cranberries on puree yeast of
the genus Candida. The genus Candida — the shape of cells is spherical, oval, cylindrical,
elongated. Propagated by multilateral budding, as well as by agamous way — blastospores. It
forms a pseudo-mycelium, and sometimes a true mycelium. On the surface of liquid
substrates forms films: young — white, smooth, old — wrinkled. Assimilates glucose, sucrose,
maltose, lactose. After growing in the thermostat, yeast growth retardation zones were
observed, which proves the positive effect of cranberries on the growth retardation of the
yeast of the genus Candida. Cranberries may be used as a source of natural preservatives,
which will help lengthen the shelf life of food products, the dominant factor for which is
microbiological damage in the process of storage [35, 36].

On the content of nutrients, cranberry puree is a promising raw material for use in
creating a wide range of nutritional products for health and functional purposes of extended
shelf-life.

Conclusions

1. Technological reprocessing of cranberry into puree leads to a decrease in the content of
ascorbic acid by 13.5 times and to an increase of the content of water-soluble pectin up
to 3.0% to the mass fraction of dry matter of puree.

2. The content of phenolic substances in puree of cranberries is 983 mg%, anthocyanins —
160 mg%. The presence of anthocyanin compounds found in the sample is in bound
state with citric acid, as well as mono-oxycarboxylic acids.

3. During the processing of cranberry into puree, it preserves natural preservatives
contained in fresh berries. Thus, in cranberry puree there is benzoic acid in the amount
of 122.2 mg%+15% and a small amount of sorbic acid is available up to 2.5 mg%. The
positive effect of cranberry on growth retardation of the yeast of the genus Candida was
investigated.
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Introduction. The optimization results of the conditions of
liquid-solid extraction by wine industry waste water in the form
ofthe defatted grape seeds flour in order to obtain the extract with
high antioxidant capacity are conducted in this report.

Materials and methods. Total antioxidant capacity (TAC)
and total phenolic content (TPC) of the samples were determined
by the method of galvanostatic coulometric titration with
electrogenerated bromine and spectrophotometric method using
Folin-Ciocalteu reagent, respectively. TAC and TPC
experimental values were presented in terms of the equivalent of
gallic acid content (GAE) per unit mass of dry powder (DW).

Results and discussion. Response surface methodology
(RSM) is used to search for optimal condition of solid-liquid
extraction of phenolic compounds from defatted grape seeds flour
under the influence of three factors: the temperature (60—100 °C),
extraction time (90—150 min) and liquid to solid ratio (60-100).
The result showed that the phenolic substances yield in the set
ranges is 1.20-2.64% with total antioxidant capacity of
17.71-36.78 mg GAE/g DW. Due to optimization procedure, it
was determined that under optimal conditions (the temperature of
100 °C; the extraction time is 131 min.; and the ratio of the
extractive agent volume to the mass of the powder is 85) the
maximum TAC of the extract of 37.04 mg GAE/g DW is
achieved. The maximum yield of phenolic substances of 2.646%
was obtained under the following conditions: temperature of 100
°C; extraction time is 117 min.; and the ratio of extraction agent
volume to the mass of the powder is 93. When optimization is
used with two TAC and YPC response functions, the following
optimal conditions were obtained: the temperature of 100 °C, the
extraction time is 123 minutes and the ratio of extractive agent
volume to the mass of powder is 89, at which 36.91 mg GAE/g
DW TAC and YPC values and 2.633% were obtained,
respectively. The validation of obtained results showed their
compliance within 3% with experimental values.

Conclusion. The obtained results indicate the perspective of
wine industry waste recycling in order to obtain the solid extract
from defatted grape seeds flour as a source of biologically active
substances of a phenolic nature with high antioxidant potential.
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Introduction

Plant objects are considered to be promising natural sources of antioxidants, and
therefore, the number of studies on the development of plant-based additives technologies in
the form of pastes, extracts and powders has recently increased. The supplementation of such
additives allows obtaining functional nutrition products with high antioxidant potential as
well as high biological and nutritional value.

Grape seeds are produced in large amounts as the wine industry waste products and are
increasingly used to create food ingredients. This occurs due to the fact that it is a source of
polyphenolic antioxidants — flavonoids, such as monomeric flavanols, dimeric, trimeric and
polymeric procyanides and phenolic acids [1-3].

The extraction from raw plant materials is an important stage in phytochemical
processing in order to optimize the concentration of biologically active compounds. The
selection of a suitable solvent for the standardization of plant products is highly important in
this process. Differences in the compounds structure determine their solubility in solvents of
different polarity. Therefore, the type of extractive solvent can have substantial impact on the
yield of the desired extracted compounds from the plant material. However, the selection of
solvent is normally limited to water and ethanol or their mixture when using extracts for food
purposes.

The selection of an appropriate withdrawal process and the optimization of various
parameters are crucial for purposes of scaling and moving from the laboratory experiment to
the industrial scale. According to the numerous data indicating that the optimal conditions
for the extraction of phenolic compounds of some plant products are usually different for
various plant matrices [4]. Extraction methods that are most commonly used include standard
convection methods (maceration, percolation, infusion, decoction, hot continuous extraction)
and non-convection methods (ultrasonically extraction (UEA), microwave radiation (MEA),
pulse electrical discharge (PAED) and supercritical fluid extraction (SFE) [5]. Specified
methods in different options of the experiment were used to conduct numerous studies on the
extraction of polyphenols from grape waste for example, including grape seed [6—15].

The purpose of this study was the selection of optimal conditions for effective water
solid-liquid extraction (SLE) of polyphenolic compounds from defatted grape seed flour in
order to obtain an extract with the maximum antioxidant potential.

Materials and methods
Chemicals

The following chemicals used in this study are as follows: potassium bromide, sodium
hydroxide, sodium carbonate (Reachim, Russia); sulphur acid (Sumychimprom, Ukraine); gallic
acid (Sigma Aldrich, USA). All the chemicals used in this experiment were of analytical grade.
The synthesis of Folin-Ciocalteu reagent was done according to the procedure [16]. All the
chemicals used in this procedure were of analytical grade. For analysis 2 M solution was
used. For preparation of the solutions distilled water with electric conductivity no more 0.55
mS/m was used. The conductivity was measured by a conductometer CEL-1M2
(Analitpribor, Georgia).

Raw Material

Defatted grape seeds flour (Oleo Vita trademark, Orion, Ukraine) was made from fresh
grape seeds of unfermented squeezing in  industrial conditions. A mixture of four
grape varieties in equal proportions in mass, grown in the southern regions of Ukraine
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(Odessa region) was used as the raw material. Gently dried grape seeds at a temperature not
more than 60 °C were subject to the thorough cleaning (separation).

Grape seed cake was obtained in the form of solid plates with its further fine grinding and
crushing to fine powder (flour) in the process of cold pressing. The residual fat content in the
flour was 8-9%.

Extraction Process

Accurately weighted dried powder (according to ratio liquid to solid) were extracted with
the solvent by 10 ml in glass test tubes (total volume 15 ml) with screw caps. Distilled water
was used as the extractive agent. All the time the tubes were shaken. The extraction was
performed in the dark and at corresponding temperature, a solid-liquid ratio and the extraction
time. The tubes were placed in a thermostat at a set temperature for the extraction time. The
liquid after extraction was separated from solids by centrifugation at 6.0 g for 10 min (OPn-
8UHLA4.2, Russia).

The solutions were kept at a constant temperature using the thermostat 1TZH-0.03
(Russia). The temperature in this device was maintained at an accuracy of 0.2 °C and
determined by the sensor SM60-Pt1000 (Yokogawa Europa, Holland) with a precision of 0.1
°C.

The samples were weighed on laboratory scales balance CBA-300-0.005 (T-Scale,
China) with accuracy of 5 mg and on analytical laboratory scales balance VLR-200 (Gosmetr,
Russia) with accuracy up to 0.1 mg.

Determination of the Total Antioxidant Capacity

TAC of simples was determined by the reaction with electronegative bromine [17]. In
this research using the same method that was detailed [18, 19]. The experimental data of
coulometric titration were used to calculate the TAC, as the electricity quantity Q, spent for
titration per 100 g of the sample and it were calculated by expression:

TAC = 100 Itmsolution ) (1)
Mg msample
where Mg mpie 18 the weight of the sample (dry powder of plant or candy caramel), Mo;ti0n 18
the total weight of the solution for candy caramel or of the extract for powder of plant. Values of
TAC in gallic acid equivalent (mg GAE/100 g sample) were calculated. For aqueous solutions of
gallic acids the coefficients of the linear regression were determined in [18].

Determination of the Total Phenolic Content

The concentration of phenolic compounds in samples was estimated using a modified
spectrophotometric Folin-Ciocalteu method according Singleton and Rossi [16] with the
transition from volume to weight of the aliquot portion. Briefly, 0.1 g of extract, standard or
blank solution was mixed with 0.5 g of Folin-Ciocalteu’s reagent and 2.0 g water. A sample
of extracts was previously diluted in 10 times. After 8 min, 1.5 g of sodium carbonate 20%
(w/w) solution was added to the mixture and adjusted to 10.0 g with distilled water. Mixture
was incubated for 30 min in thermostat at 45 °C temperature. Finally, measurement of
absorbance was carried out in spectrophotometer SF-46 (Lomo, Russia) and modernized and
connected with a computer Specord UV-VIS (JenaAnalytik, Germany) at wavelength of 765
nm against a blank sample.

Gallic acid was used as a standard. The TPC values were expressed as mg of gallic acid
equivalents (GAESs) per g of dry weight (DW) of plant. A 1000 mg/kg stock solution of gallic
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acid was prepared by dissolving 0.1 g of gallic acid in 100 g of distilled water. Working
standard solutions of gallic acid at five different concentration levels (25, 50, 100, 250 and
500 mg/kg) were prepared by dilution of the stock solution. The gallic acid calibration curve
was constructed in the range of 25-500 mg/kg and used to calculate linear regression models
[18].

The yield (%) of the extraction of phenolic compound (gram to gram dry weight of
powder) was defined as :

ypc = 2€ 100 2
~ 1000 o @

Experimental Design

A response surface methodology (RSM) as a tool for optimization in this research was
applied [20]. A tree level, three variable Box—Behnken design [21] was applied to determine
the best combinations TAC and TPC (maximum value) of extraction variables for the
extraction from defatted grape seeds flour.

Table 1
Independent variables and their levels employed in a Box—-Behnken design for optimization of
defatted grape seed flour extracts

Coded levels
Independent variables Symbol | -1 | 0 | 1
Natural levels
Temperature, °C Temp | 60 | 80 | 100
Time, min Time 90 | 120 | 150
Ratio volume of liquid to
weigth of solid powder (v/w), ml/g RL/S 160 | 80 ] 100

Three independent variables selected for this study were the extraction temperature (T),
the extraction time (t), and ratio volume of liquid to weight of solid powder (R L/S) (Table
1).

Preliminary trials showed as the values of responses changed with increasing
temperature, time and ratio L/S; therefore, the optimal levels were selected as center points
in the designed experiment. The factorial design consisted of requires an experiment number
according to N=2k(k—1)+cp, where k is the number of factors (k=3) and (cp) is the number
of the central points eight factorial points, and three center points leading to 15 sets of
experiments [20].

Regression analysis was performed on the data of dependent variables as effected by the
extraction conditions and was fitted into an empiric second order polynomial model as shown
in the following equation:

Y =By + LBiXi + L BuX? + B XiX; A3)
where Y is the predicted response; By, B;, Bi; Bij are the interception coefficient, the linear
terms, the quadratic terms and the interaction terms, respectively; X;, X; are the actual levels
of the independent variables.

Statistical analysis

Determination of the experimental values were done for a number of parallel
measurements (n=4). The Student’s t-test permitted us to check the statistical significance of
the regression coefficients. A p <0.05 was considered as statistically significant. The Fisher’s
test for analysis of variance (ANOVA) was performed on experimental data to evaluate the
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statistical significance of the model. The the Design Expert software trial version 11.0 (Stat-
Ease, USA) were employed for the regression analysis and the graphical optimization,
respectively.

The models of each response for full-factorial design were expressed in terms of actual
variables and without taking into account the statistically insignificant terms.

Results and discussion

Fitting the model of the extraction process from defatted grape seed flour

The experimental data of dependence of TAC and YPC water extract of grape seeds flour
from the investigated factors are shown in Table 2.

These experimental data were processed in the framework of analysis of variance
(ANOVA) using the model of the average, linear, mixed and quadratic models. As it is
commonly known that, ANOVA is a statistical analysis method for assessing the significance
of experimental data and for adequacy analysis of the fitting model [20]. Analysis of obtained
calculations showed that the most adequate description of TAC and YPC experimental values
is achieved in a quadratic model. ANOVA data results for a quadratic model describing the
dependence of total antioxidant capacity from the investigated factors are given in Table 3.

Table 2
Experimental of the three-level and three-variable Box—Behnken design and TAC, TPC and
yield of polyphenolic compound of defatted grape seed flour extracts

Code pattern Temp, | Time, min | RL/S | Experimental values
Run °C 3B) YPC, TAC,

Temp | Time | RL/S A) © % GAE mg/
g DW
1 0 1 -1 80 150 60 1.625 22.93
2 -1 1 0 60 150 80 1.492 19.62
3 0 -1 -1 80 90 60 1.522 21.89
4 -1 0 -1 60 120 60 1.394 17.71
5 1 0 1 100 120 100 2.550 35.51
6 1 1 0 100 150 80 2.526 36.78
7 0 0 0 80 120 80 1.882 25.98
8 -1 0 1 60 120 100 1.428 20.19
9 0 -1 1 80 90 100 1.757 24.95
10 0 0 0 80 120 80 1.893 26.02
11 0 0 0 80 120 80 1.914 26.02
12 -1 -1 0 60 90 80 1.144 18.14
13 1 -1 0 100 90 80 2.600 35.72
14 1 0 -1 100 120 60 2.288 35.73
15 0 1 1 80 150 100 1.940 27.20

The coefficients R%and RZ;j,sreq are equal to 0.9944 u 0.9843, respectively,
according to the results from Table 3. These values indicate that the model adequately
describes the experimental data obtained and that they are well coordinated with their
predicted values. The model is statistically significant because the p value is less than 0.0001.
The obtained value of the variation coefficient (C.V. = 3.19%) is quite low and indicates the
reliability of the experimental data.
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Table 3

Analysis of variance (ANOVA) of the fitted quadratic polynomial model for the TAC of

defatted grape seed flour extracts

Source Sum df Mean F-value p-value Resume
of squares square
Model 624.95 9 69.44 98.56 <0.0001 significant
Residual 3.52 5 0.7045
Lack of Fit 3.52 3 1.17 1954.98 0.0005 significant
Pure Error 0.0012 2 0.0006
Cor Total 628.47 14
Estimated regression coefficients
Term Coefficwnt df Std error F-value p-value
estimate
A 26.01 1 0.4846 822.55 <0.0001
B 8.51 1 0.2968 6.03 0.0575
C 0.7289 1 0.2968 16.30 0.0099
AB 1.20 1 0.2968 0.0618 0.8136
AC -0.1043 1 0.4197 2.60 0.1677
BC -0.6769 1 0.4197 0.5161 0.5047
A? 0.3015 1 0.4197 27.76 0.0033
B? 2.30 1 0.4368 2.89 0.1500
C? -0.7423 1 0.4368 5.44 0.0669
Model summary statistics
Std. Dev. 0.839%4 R? 0.9944
Mean 26.29 Adjusted R* 0.9843
C.V.% 3.19 Predicted R* 0.9103
PRESS 56.35 Adeq Precision 28.8892

The Fisher criterion value of F at 98.56 level implies that the model is statistically
significant. The obtained values of p criterion that are less than 0.0500 indicate the
significance of the calculated coefficients A, C, A? of equation (3).The calculated F values
for Lack of Fit are also statistically significant. The predicted value of Predicted R?=0.9103
is in necessary compliance with Adjusted R? =0.9843, since their difference is less than 0.2.
The value of AdeqPrecision, expressing the signal-to-noise ratio, and equal to 28.8892 is
greater than the indicative value 4, which indicates data adequacy.

Similar conclusions can be made with respect to the model describing the phenolic
compounds output in the extraction process (Table 4). The adequacy of the experimental data
description on the phenolic substances output is achieved by indicated model, as evidenced
by the high correlation coefficients R? and Rjgjyseq that are equal to 0.9874 u 0.9646,
respectively, and the p value that is equal to 0.0003.The reliability of the experimental data
was also confirmed by the value of factor at the level of C.V.=4.59%.

The adequacy of the experimental data description on the phenolic substances output is
achieved by indicated model, as evidenced by the high correlation coefficients R? and
RZ4justea that are equal to 0.9874 i 0.9646, respectively, and the p value that is equal to
0.0003.The reliability of the experimental data was also confirmed by the value of factor at
the level of C.V.=4.59%.

The value of Fisher's criterion F at the level 0f 43.37 is lower than in the previous review,
and it demonstrates better statistical significance. The obtained values of p criterion are less
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than 0.0500 and they indicate the significance of the calculated coefficients A, C, A? of
equation (3).

The calculated F values for Lack of Fit are also statistically significant. The predicted
value of Predicted R? 0.8001 is in reasonable compliance with Adjusted R? 0.9646. The value
of Adeq Precision, which represents a signal-to-noise ratio, is 20.6011 greater than the
indicative value 4, which indicates data adequacy.

Table 4
Analysis of variance (ANOVA) of the fitted quadratic polynomial model for the YPC of of
defatted grape seed flour extracts

Source Sum df Mean F-value p-value Resume
of squares square
Model 2.86 9 0.3175 43,37 0,0003 significant
Residual 0.0366 5 0.0073
Lack of Fit 0.0361 3 0.0120 45,55 0,0216 significant
Pure Error 0.0005 2 0.0003
Cor Total 2.89 14
Estimated regression coefficients
Term Coefficwnt df Std error F-value p-value
estimate
A 1.90 1 0.0494 346,84 <0.0001
B 0.5634 1 0.0303 5,35 0,0687
C 0.0700 1 0.0303 12,21 0,0174
AB 0.1057 1 0.0303 6,10 0,0566
AC -0.1056 1 0.0428 1,76 0,2417
BC 0.0568 1 0.0428 0,2210 0,6581
A? 0.0201 1 0.0428 7,76 0,0386
B? 0.1241 1 0.0445 3,22 0,1325
C? -0.0800 1 0.0445 5,62 0,0639
Model summary statistics
Std. Dev. 0.0856 R? 0.9874
Mean 1.86 Adjusted R* 0.9646
C.V.% 4.59 Predicted R* 0.8001
PRESS 0.5785 Adeq Precision 20.6011

The Pearson’s correlation coefficient for actual and predicted TAC and YPC values at a
level of 0.9972 and 0.9936, respectively, indicates the possibility of using the models
obtained to predict data on antioxidant capacity and polyphenolic compounds output for
defatted grape seed flour when conducting solid-liquid extraction with water.

The following forecast models for describing the properties studied at the code level,
which are described by expressions (4) and (5), are subject to proceed to, summarizing all
the above:

TAC (mg/g DW) = 26.01 + 8.51A+ 0.7289B + 1.20C —0.1043AB -
—0.6769AC + 0.3015BC + 2.30A% - 0.7423B? - 1.02C?, 4)
YPC (mg/g DW) = 1.90 +0.5634A +0.0700B +0.1057C-0.1056AB +
+0.0568AC + 0.0201BC + 0.1241A* — 0.0800B?- 0.1056C?, 5)
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Effect of process variables on Total Antioxidant Capasity

The effect of independent variables of temperature, extraction time and ratio on the total
antioxidant activity is shown in Figure 2. As seen from the scan, TAC value under the effect
of independent variables varies within 17.71-36.78 GAE mg/g DW.
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Figure 2. The 3D and 2D response surfaces profiles of TAC as affected by independent variables
at optimal conditions:
ratio S/L 85 (a), time 131 min (b) and temperature 100 °C (c)

The analysis of three-dimensional surfaces of the basic property dependence on a pair of
variables at a fixed optimal value of the third parameter has allowed establishing the
following consistent pattern:

—  an increase in temperature from 60 to 100°C leads to steady increase in TAC value
regardless of the nature of the second independent parameter and the fixed value of the
third parameter (Figure 2, a, b) and the achievement of the maximum TAC=36.78 GAE
mg/g DW at a temperature of 100 °C

— when fixing the temperature and considering the dependence of TAC value on
extraction time and R /S, a surface with strongly pronounced single point of extremum,
which corresponds to the maximum TAC value at a fixed temperature of 100 °C (Figure
2, ¢) is obtained.

Effect of process variables on Total Phenolics Content

The effect of temperature independent variables, extraction time and ratio L/S on the
phenolic compounds yield is shown in Figure 3. As can be seen from the scan, the output
value of phenolic compound varies under the effect of independent variables within
1.14-2.60%.The effect of temperature, as in the case of the total antioxidant capacity, leads
to a monotonic increase in the YPC value on the entire studied variation interval from 60 to
100 °C, regardless of the variation of the second parameter (Figure 3, a, b). When the
temperature is fixed at the optimal level and the other two parameters variation, the
pronounced extreme dependence on the extraction time on all curves, regardless of the value
of R L/S (Figure 3, ¢) is obtained.
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The monotonous growth of YPC with an increase in the extraction time without reaching
an extremum is observed on projection curves up to R L/S 90 values. The pronounced
extreme dependence is weakly detected only after the value of 90.
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Figure 3. The 3D and 2D response surfaces profiles of YPC as affected by independent variables
at optimal conditions:
ratio S/L 93 (a), time 117 min (b) and temperature 100 °C (c)

Optimum conditions for SLE from defatted grape seeds flour by water

The regression models obtained from Eqs. 4 and 5 were used to determine optimum
values of extraction temperature, time and ratio liquid to solid by using optimization
procedures. The objective function (Q) in this optimization was defined to maximize
simultaneously the TAC as well as to maximize the yield of phenolic compounds extract with
subject to temperature range (A), time (B), and ratio solid to liquid (C):

TAC
maxQ = YPC , TAC YPC=f(AB,C), -1<ABC<I1. (6)
TAC + YPC

The optimal conditions are fairly simply and efficiently determined using the RSM
methodology mentioned above for a single-response function [20]. TAC and YPC 37.04 and
2.646 values were obtained as a result of carrying out the optimization procedure,
respectively (Table 4).

It should be noted that the completed optimization procedure using models (equations 4
and 5) makes it possible to obtain more than ten sets of optimal parameters at which the
values of the optimal function are in the 1% interval of variation from the maximum value.
Although, the differences in the optimal values of the parameters A, B and C are also
practically in the same variation interval.

Table 4
Estimated optimum conditions of responses TAC and YPC

T,°C | t,min | RL/S | TAC, mg GAE/g DW | YPC,% | Desirability
TAC 100 131 85 37.04 0.9585
YPC 100 117 93 2.646 0.9537
TAC+YPC | 100 123 89 36.91 2.633 0.9504
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It should be noted that the completed optimization procedure using models (equations 4
and 5) makes it possible to obtain more than ten sets of optimal parameters at which the
values of the optimal function are in the 1% interval of variation from the maximum value.
Although, the differences in the optimal values of the parameters A, B and C are also
practically in the same variation interval.

Under multivariate consideration, the Derringer function or the desirability function
(Desirability) were used, preferring a set with larger value (Figure 4) as a final selection
criterion of the optimal conditions set.
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Figure 4. Overall optimum conditions of solid-liquid extraction of phenolic antioxidants
from defatted grape seed flour

This function was used as a selection criterion of compromise solution in the multi-
criteria optimization technology, in our case with two TAC and YPC response functions. It
should be noted that the desirability function is the most important and most frequently used
in optimization procedures with multiple response functions [20]. The corresponding
optimization algorithm of extraction procedure conditions is effective and economical, when
solving the tasks of the output maximization of necessary components from the plant matrix
based on several response functions [22].
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The results of optimization process of the combination of TAC and YPC values within
the variation range of independent extraction variables are presented in Figure 4. The
maximum value of the desirability function (0.9504) is reached at a temperature of 100 °C,
extraction time of 123 minutes and the ratio of the volume of water to the mass of powder 89
(Table 4).The obtained values of antioxidant capacity and total content of phenolic
compounds yield is 36.91mg GAE/g DW and 2.633% less than the similar for each of the
properties optimal conditions are only at the level of 0.5%.

Table 5
Comparison between predicted and experimental values in optimal conditions of extractive
process (temperature 100 °C, time 123 min, ratio L/S 89)

Value Predicted | Experimental | §,%
TAC, mg GAE/g DW 36.91 36.45 1.2
YPC,% 2.633 2.705 2.7

Model validation

The obtained models of TAC and TPC were verified by comparing the predicted data
with experimental data. Table 5 shows the comparison between the predicted and
experimental values for each response studied at conditions: temperature — 100 °C, time 123
min and ratio L/S 89.

As show Table 5, Experimentally, the values in all three cases are in good agreement
with theoretical values within 3%. This can be considered a satisfactory result.

Correlation TAC and TPC values

The various mechanisms of oxidation-reduction reactions, simulating the effect of
radical oxidation are used in methods for studying antioxidant properties [23, 24]. The
method of galvanostatic coulometry with electrogenerated bromine was used as a method for
evaluating antioxidant capacity in this study. The procedure is based on the interaction of
antioxidants with bromine and allows evaluating the integral antioxidant capacity of a wide
range of materials, including plant materials and materials of a biological nature [25]. The
methodology for determining the total content of polyphenols is widely used to estimate the
total content of polyphenolic antioxidants, unlike the previous one [24]. Although the
different mechanism of reactions effect on which these methodologies are based, there is a
quite high positive correlation between the obtained data (Figure 5).
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Similar regularities were obtained for confectionery products with plant extracts [18].
Data concerning the correlation of TAC and TPC values is another proof that the coulometric
titration methodology with electrogenerated bromine is sufficiently adequate for the purposes
of determining the total antioxidant capacity in extracts and food samples based on them,
with the prevailing content of phenolic compounds as antioxidants.

Conclusion

The following conclusions can be drawn, based on the results obtained:

1. As a result of optimization procedure, it has been determined, that upon optimal
conditions, in particular the temperature of 100 °C, the extraction time of 131 minutes
and the ratio of the extractive agent volume to the mass of powder of 85, the maximum
total antioxidant capacity of the extract, that is equal to 37.04 mg GAE/g DW can be
obtained. The maximum output of phenolic substances of 2.646% was obtained under the
following conditions: the temperature of 100 °C, the extraction time of 117 minutes and
the ratio of the extractive agent volume to the mass of powder of 93.

2. The usage of Derringer function as a selection criterion of compromise solution in a multi-
criteria optimization technology with two TAC and YPC response functions, makes it
possible to quickly and effectively predict the optimal conditions of the extraction
procedure: the temperature of 100 °C, the extraction time of 123 minutes and the ratio of
the extractive agent volume to the mass of powder of 89 — the conditions under which the
values of TAC and YPC 36,91 mg GAE/g DW and 2,633%, were obtained. The validation
of obtained results showed their compliance within 3% with experimental values.

3. The high correlation value between the total antioxidant capacity and the total content of
phenolic substances indicates that the galvanostatic coulometric titration with
electrogenerated bromine is an appropriate procedure for the purpose of quantitative
evaluation of total antioxidant potential of the phenolic compounds in plant extracts.
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Introduction. The aim of this review is to explain the
working principle of the cold press machine and discuss
the effect of the extraction efficiency. The advantages and
disadvantages of the extraction by means of cold press were
explained by referring to other extraction methods.

Material and method. The oil extraction from oilseeds
by cold press method investigated for this study. The
studies related with cold press were examined and the
comparison of cold press with other methods used in oil
production from oily seeds was compiled.

Results and discussion. Cold press extraction is one of
the methods of mechanical extraction as well as required
less energy than other oil extraction techniques and also
environmental friendly. It is used to extract oil from a range of
matrices and is produced especially in the oil production
from oilseeds. High-quality oils can be obtained by
performing production at low temperatures using cold press
method. It has an environmentally friendly use with no
solvents. In other words, the cold-press extraction does not
involve either heat or chemical extraction. The soybean,
sunflower, rapeseed, corn, grapeseed, hemp, flaxseed, rice
bran, olive and pumpkin oils were obtained by cold press
extraction method. Moreover, these oils are interesting for
consumers due to their natural and safe as well as prevent
certain diseases and improve human health due to including
a higher level of lipophilic phytochemicals such as
antioxidants. These oils have better nutritive properties than
refined oils. However, they have a lot of advantages, one of
the disadvantages of this technique is low productivity.
Another disadvantage of this technique is hard to extract
same quality product. The cold pressed oils can add to food
as natural antioxidative additives due to phytochemicals
and as fatty acid supplements due due to invaluabile double
bond fatty acid. There are several studies to investigate the
other chemical compounds in the oils and try to use in food
products.

Conclusion. While observing the studies, it was
generally focused on cold press extraction.
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Introduction

Considering the disadvantages of the solvent extraction method using solvent is toxic
and expensive and the damage to the environment is quite excessive, alternative methods of
extraction are applied. The desire to obtain high-quality crude oil, ecological reasons and the
adaptability of the system to continuous processes are the reasons for the use of mechanical
systems [1].

The advantages of mechanical oil extraction include simple use, rapid realization of the
process and that leads to the short duration of the process, use of small quantities of raw
materials, application of different oilseeds and low cost. Also as a by-product protein, rich
press cake is obtained [2].

The disadvantages are that the yield is not as high as the solvent extraction, although it
is possible to reduce up to 4—-6% by using pre-heat treated seeds, approximately 7% of the oil
remains in the seed [3].

Mechanical press method is often defined as a solid-liquid phase separation system used
for oil extraction from oilseeds with oil content below 20% [4]. Pressure is used in the
separation of the mentioned phase separation. And depending on whether or not the
temperature is applied, it is called hot or cold press extraction [5].

Cold press machine has one inlet that seeds were feed and two exits that obtained oil
and a non-oiled cake was exit.

Pre-treatment and process parameters applied to the raw material in the cold pressing
method play a major role in terms of oil yield. The pre-processes mentioned may be peeling,
drying, solvent or enzymatic treatment of raw material; the process parameters are feeding
rate, the diameter of the restriction dye, temperature, cold rotation speed [6, 7].

Cold presses can be classified as expellers, expanders and twin-cold systems. Twin-cold
systems are currently used in laboratory and pilot scale, optimization studies have gained
weight. Soybean and cottonseed oil are also used in the production of oil from raw materials
that are not considered very high in the amount of oil. Expellers are the name of the first press
made by Anderson in 1902. It is the most common type of cold press. In accordance with
cold or hot press usage, the heating system has increased the use of being adaptable. The oil
separated from the cake is removed from the slot between the metal bars placed at regular
intervals with the rotating cold [8].

According to the Turkish Food Codex [9], cold press oils are defined as oils obtained
only by mechanical means which are suitable for direct consumption and without heat
treatment. In other words, cold pressed oil is generally ready for consumption without
needing to be refined, high-quality oil. Many temperature sensitive phenolic compounds are
not lost and there are no oxidation reactions occurring along with the heat treatment, which
is referred to as a higher quality oil. In the purifying of cold press oils, only washing with
water, filtration and centrifugation can be carried out.

In addition to the main functions in human metabolism of vegetable oils, the fact that
they are getting much more information about their positive contribution to human health
through their bioactive components has led to an increasing interest of consumers in
vegetable oils produced by cold pressing and consumed without being refined. Cold press
oils with itself characteristic intense taste, color, and special aroma are gaining the
appreciation of consumers. Cold press oil production techniques are simple, ecological and
do not cost much investment, but the oil yield from raw material is low and the product
standard is very difficult to capture [10, 11, 12].

—— Ukrainian Food Journal. 2018. Volume 7. Issue 4 641



Food Technology ——

1. Parameters that affect product yield in cold press extraction

Critical parameters in extraction with cold press; characteristics of the raw material
(shell-shellless, moisture content, oil content, and type of raw material), feed rate,
temperature (hot or cold), cold rotation speed, the diameter of restriction dye, pre-treatment.
In the ongoing paragraphs, the studies which investigated the parameters affecting oil yield
in cold press method were located.

Dalgig et al. [13] studied the effect of the roasting temperature applied to the quality of
turbentine oil. For this purpose, 3 different species of Pistacia terebinthus were cleaned from
their garbage and mixed homogeneously and pre-dried overnight at 60 °C. Then, turbentine
oils were extracted from the menengic fruit seeds, which were roasted at 100, 120 and 140
°C for half an hour, using a cold press system. Results showed that the oil extraction
efficiency, a, B and a-tocopherol amounts, palmitic and palmitoleic fatty acid components,
total phenolic substance and total chlorophyll, carotenoid and feofitin-a increase due to the
increase in roasting temperature. Also, a decrease in oleic and linoleic acid amounts and an
increase in acidity, K232, K270 peroxide number was observed. In other words, quality
parameters have been negatively affected by higher roasting temperature.

Rabadan et al. [14] aim in this study that determine the effect of cold press extraction
temperature on the quality parameters of almond, walnut, and peanut oils. Related the texture
of raw materials there is necessary pre-treatment as peeling and drying applied. The effect of
cold press extraction conditions (temperature of the device and rotation speed of the cold) on
the temperature of the obtained oils were studied. The researchers carried out extraction
experiments at 50, 100, 150 and 200 °C temperature and 17, 49, 96 rpm cold rotation speeds.
When the results were examined, it was observed that (when study conditions were 100 °C
and above) the temperature of the oil obtained decreases as the rotation speed increased. The
researchers claim that as the rotation speed increased can cause decrease the time that of
heating ring exposure. They also found that the temperature of the oil obtained did not exceed
84 °C even if the ring was raised to 200 °C so that the temperature of the heating ring had an
effect on the oil outlet temperature but the rotational speed was the decisive factor.

Rombaut et al. [15] aimed to investigate the effects of cold press extraction on grape
seed oils total phenolic content and optimize the oil yield. Grape seeds obtained from
different harvest times were dried up to 7% moisture content at 40 °C. Materials and process
parameters effect determined by Taguchi experiment design with 12 experiments. Variables
are a grape seed, pre-heating temperature, rotational speed (20-110 rpm) and restriction dye
(8, 10, 12 and 15 mm). Obtained oils were centrifuged at 3000 g for 10 minutes and moisture,
ash, total phenolic contents were determined. Researchers concluded that the most effective
parameter due to the determining grape seed oil phenolics is the type of the seeds.
Nevertheless, by optimizing the device conditions, it was stated that the number of phenolic
compounds would increase, but the increase at the moisture content in raw material had a
negative effect on performance.

Burg [16] aimed evaluation of grape seed oil extraction process and 3 white
(Welschriesling, Green Veltliner, Hibernal) and 2 red (Zweigelt ve Saint Laurent) grape seeds
used for oil production. All seeds moisture and oil contents, 1000 grain weight, density were
determined. Seeds were dried about 5-8% moisture contents at 40 °C. Variables for cold press
extraction were grape varieties, rotational speed (20, 40 60 80 rpm), press performance and
oil yield. Press performance increase as the rotational speed was an increase but oil yield was
decreased. Results of this study showed that extraction 1000g seeds can produce 67.5- 98.5
g seed oil and this approved oil yield has related with seed varieties.
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Hazelnut, pistachio, walnut, apricot, caju, peanut, almonds, pecan walnut samples were
dried and waited at +4 °C until analysis. Extraction was performed in cold press device with
2-6 liters/H capacity. The oil obtained was left to collapse for 1 week and was recovered from
the impurities by applying filtration and kept in the hermetic closed brown bottle under
nitrogen gas at +4 °C. In the solution extraction (petroleum ether) 5 hours extraction time
was determined and rotary evaporator 50 °C was flipped. The oil obtained was preserved in
brown glass bottles at -18 °C. Carotenoid, flavonoid, anthocyanin, fatty acid composition,
tocopherol content, total phenolic content, phenolic content composition, antioxidant activity
analysis were applied to obtained oils. The oleic acid contents of the cold pressed oils were
higher than the oils extracted by Soxhlet method. According to the results of the analysis, the
cold press method was compared with soxhlet method and it was argued that the cold press
method was a more economical and safe method since it does not include the use of solvents
and heat treatment. In addition to different extraction methods, the parameters affecting the
quality and yield of fats; raw material type, origin, harvest time, agro-technical precautions
[17].

The researchers investigated the influence of pretreatment as cooking and moisture
content over the crambe seed oil by cold press extraction. Crambe is a plant species that is
commercially used in the industry. Industrial oil containing the high percentage of erucic acid
in the seed is commercially important. The plant is produced in the USA, Canada, Italy, and
Spain and is included in the radishes class. Crambe seeds are kept at 4 °C at dry weight with
a moisture value of 9.9%. Some of the samples are first cooked and then dried up to the
desired moisture content, while others are only dried before the cooking process is applied.
In cold compression, the heating ring is set to 120 °C and the rotational speed is 20 rpm. Cold
press operation took about four-five minutes. The analysis was made to determine the
moisture and fat values of the seeds, and the analysis applied to the oils is the calculation of
sedimentation and oil recovery. Results showed that the cooking pretreatment has a positive
effect over oil yield but moisture content has a negative effect [18].

In this study which carried out by Akin [19] the contents of fatty acids, phytosterols,
squalene, phenolic compounds and acids, carotenoids and phenolic bioactive substances and
free radical scavenger antioxidant activities were determined from the raw pumpkin seeds
grown in four different central Anatolia regions of Turkey. The oils extracted with cold press
extraction method at 40 rpm and 40 °C were drained and left to collapse for 1 day at the
temperature below 15 °C (sedimentation) in brown bottles, then sedimentation was removed
and centrifuged for 20 minutes at 10 °C and kept at +4 °C (refrigerated) until analysis. Results
showed that the cold press extraction one of the best method for obtaining quality and
solvent-free pumpkin seed oil.

32-factor experimental design was used for almond and walnut oil extraction.
Experimental designs include Seed Moisture Content (SMC) and restriction die (Rd) as
parameters. Analysis of response variables oil yield (OY), fine solid content (FC) and oil
quality parameters. Almond and walnut moisture and oil quantities are determined. All trials
were carried out at 35-40 °C with a rotational speed of 20 rpm. The applied analysis was;
peroxide value, FFA content, K232 and K270 coefficients, fatty acid composition, oxidative
stability with rancimat. RSM was used in oil extraction. Results were showed that SMC has
a positive effect on oil yield when Rd has a negative effect [20].

Singh et al.[21], examined the effect of pre-treatment on the extraction efficiency of
linseed oil with the help of the cold press. In this respect, some of the linseeds were only
established and some of them were subjected to steam pre-treatment and some to enzyme
pre-treatment. Oil yield, residual oil in the cake, rotational speed rate and sediment content
were measured as a function of pretreatments and moisture content for cold pressing of
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linseed. Results showed that the pretreatments had a significant effect on residual oil and
press rate, no significant effect on oil recovery and sediment content. The researchers find
out that the seed which low moisture content has provided better oil recovery from enzyme
and steam pretreatments.

In the study of Teh [22], tomatoes, grapes and pomegranate seeds examined the
parameters that affect oil extraction by cold press method. The parameters studied within the
study are; pre-heating conditions, particle sizes, cold rotation speed, the moisture content of
seeds and diameter of restriction dye. It has been concluded that the oil is barely separated
from the seeds without pre-heating and the device is heated and facilitates the oil outlet when
waiting for a certain period of time. When the effect of particle size was examined, the best
result was achieved in the processing of seeds as a whole. As the cold rotational speed
increases. Press capacity and speed increases. However, oil efficiency was found to be higher
at low cold rotational speeds because of the contact time with the device is more. When the
effect of different sizes on oil yield was examined using restriction dye, it was concluded that
lower diameter molds increased the oil output (with high pressure) in the seed structure.
Moisture content negatively affected oil yield.

2. Other studies related with cold press extraction

There are lots of studies related with the cold press extraction. It is hard to classify
these studies into groups. But here we mentioned different aimes and how these studies
done. Several researchers investigate the different seed cultivars effect on the oil yield;

Walnut oils obtained from 3 different walnut varieties by cold press extraction with 30
rpm rotational speed and 50 °C temperature. Also, 5 different walnut oils purchased from
markets. In this way, 8 different walnut oils have been analyzed for characterization.
Moisture, ash, oil, tocopherol, total phenolic contents, antioxidant activity (DPPH, ORAC),
volatile content (SPME), pigment (chlorophyll carotenoid), color values (L, a, b) were
determined [65]

8 different grape varieties have been chosen and all grape seeds were dried 5-10%
moisture content. Cold press extraction process parameters were flow rate (constant) and
rotational rate 40 rpm. Seeds moisture and oil contents were determined. Also, total oil
contents determined by the solvent extraction method. Obtained oils fatty acids analyzed with
gas chromatography [66]

This study [47] was conducted to determine the physicochemical properties of
pomegranate seed oils obtained by cold pressing with Torche Malas Iran (TMOI) type and
two commercial oils of Iran (COI) and Turkey (COT). Analysis of pomegranate seeds was
the determination of moisture, fat, protein, carbohydrates and ash. Thermal properties (DSC),
refractive index, determination of viscosity, color values, peroxide value, iodine value,
amount of non-anhydrous substance, free fatty acid quantity, total phenolic substance
amount, fatty acid composition composition, rapid gas chromatography - surface acoustic
wave (GC-saw) and flavor assessment analysis were carried out with obtained pomegranate
seed oils.In this study [67] quality and physicochemical properties of 7 different flaxseed oils
sold in the market were analyzed. Fatty acid content, moisture content, volatile components,
non-saponifying content, free fatty acids, chlorophyll pigment, total phenolic acid and
flavonoids, tocopherol composition, color values, peroxide value, conjugated dienoic acids,
K230-K270 values were determined. Statistical analysis was performed. The results were
compared in accordance with the literature and the law.

Volatile components of grape seed oil obtained from different grapes were investigated.
Grapeseed oil was purchased from the market. With solid phase micro-extraction (SPME),
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volatile components were determined in GC/MS. Tag (triacyl glycerol) composition, total
phenol content, antioxidant capacity determination (TEAC) was performed [69].

Several researchers tried to optimise the process conditions, add pretreatment for
increase the oil yield.

Rice germ oil obtained from the mechanical press. Specific roasting temperatures and
durations have been tried, the samples have been prepared as a control. Determination of
color, fatty acid composition, phosphorus and phospholipid analysis, y-Oryzanol content,
tocopherol, and tocotrienol analysis were applied to the obtained oil [68].

In order to perform sesame oil extraction by using Box-Behnken design (50 °C at low
temperature), the cold press extraction method was optimized. Experimental designs include
Seed Moisture Content (SMC), pressing speed (PS) and restriction dye (Rd) as the main
processing parameters. Cold-squeezing was carried out first on a pilot scale and then on an
industrial scale. Pilot-scale; seed moisture content (SMC 7, 12 and 17% w.b), press speed
(PS 20, 40 and 60 rpm); restriction dye (rd 4, 5 and 6 mm). Industrial-scale experimental
design includes SMC (8-14% w.b), PS (20-40 rpm range) and RD (10-14 mm) parameters.
The fat content of sesame seeds and pressed cakes were determined by using Soxhlet devices,
as solver with n-hexane extraction (10 hours). The solvent was removed at 40 °C using a
rotary vacuum vaporizer. Fat content was determined as gravimetric and expressed as
percentages by weight on the dry basis (AOCS 2009). The oil obtained by cold press
extraction method was subjected to centrifuge for 11000g, 30 minutes. Finally, the analysis
applied to the oil obtained; peroxide value, free fatty acid value, K232, K270 values, GC help
to determine the composition of fatty acid, total lignan content, radical scavenger capacity
(DPPH), determination of oxidative stability by rancimat. The pilot plant-scale extraction
showed a peak in oil efficiency (or, 71.1£2.8%) at 12.3% SMC, 4mm Rd, and 20 rpm PS. In
order to evaluate the proposed extraction method on an industrial scale, theoretical models
were scanned against experimental data. A model fitted for oil recovery showed a maximum
estimated value similar to the highest experimental value (74.441.2%) under the following
conditions: 8,03 SMC, 10 mm Rd and 20 rpm PS. The chemical quality parameters of both
pilot and industrial oils have been in the ranges specified in Codex (FAO/WHO) standards
for unrefined sesame oil [70].

Several researchers aimed to obtain different oil and their characterization.

Parry [71]; cold pressed onions, parsley, cardamom, cattle, roasted pumpkin, and milk
thistle seed oils were taken from the outside. Fatty acid, carotenoid compositions were
determined, tocopherol profile was examined, total phenolic matter quantity, ORAC, DPPH,
oxidative stability, refractive index, and density analysis were performed.

Siger [72]; antioxidant properties of soybean, sunflower, rapeseed, corn, grapeseed,
hemp, flaxseed, rice bran, olive and pumpkin oils obtained by cold press extraction method
were studied. Methanol extracts were obtained by solid phase extraction and separation.
These oils were purchased from the market. Total phenolic content, determination of phenolic
acids (HPLC), antioxidant activity with DPPH were performed.

3. The role of cold press in food production different than the oil
extraction from oil seeds

Although cold press method is widely used in the oil extraction, there is an area where
it is used too much to be underestimated, it is fruit juice production. Different methods such
as diffusion method or different press types are also possible to produce juice. However, since
we decided to examine the use of only cold presses under this heading of our study, we found
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it appropriate to give information about the screw pressing place during the production phase
of fruit juice.

The fruit mass obtained with the crushing of the mill takes the name of mayse or cake.
It is possible to produce clear and fuzzy fruit juices by pressing the cake.

In fruit juice production, screw presses, packaged presses, tape presses, pneumatic
presses are used. Cake and press auxiliary material (only if necessary) enters the press feed
input, at this stage with the help of sieve free juice leaves and the remaining cake starts to be
pressed with the rotating screw. There is a much softer material than the oil extraction from
the oil seeds, and there is a possibility that the screw will return to its shape together. To
prevent this, press sets have been placed. Thus, the efficiency of this advance has been
achieved. The last thing to do is to get out of the restriction dye, water in the structure of the
cake is gone and no longer called cake. Here the cake is subjected not only to pressure, but
to friction and buckling forces [23].

In addition, pekmez production, wine production, is also used in the production of pestil
or in other words fruit leather. These products are produced by juice which obtained cutting
and pressing treatments of fruit and than juice concentrated (pekmez), fermenting (wine),
concentrated and dried (fruit leather/ pestil) [24, 25, 26].

Different Press types can be used depending on the physical structure of the fruit during
pressing stage; it is common to use screw presses because it is suitable for hard fruits such as
apples and allows many fruits to be pressed.

4., The other techniques for oil extraction from seed

Oil extraction based on basic principles like not damage the oil during the operation, oil
extraction with the least possible impurity, reduction of the amount of fat remaining in the
cake, to obtain as much oil as possible from the raw material [27]. The principles mentioned
are common to all extraction methods, although their technologies are different. Figure 1 in
below schematize the basic methods for oil extraction from oilseed materials. In the scope of
the study the oil extraction methods, working principles of them and the studies related with
them were mentioned and compared with the cold press method which is the main subject of
this review.

Solvent
— Chemical
Enzyme

— High Pressure

Oil Extraction
Methods

— Distillation

Hydraulic Press

L Mechanical

Screw Press

Figure 1. Basic oil extraction methods [28].
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4.1. Solvent extraction

First solvent extraction was carried out in France in 1855, Deiss used carbon disulfide
as solvent [29]. Although a large number of different solvents are used over time, hegzan is
commonly used as a solvent.

Solvent extraction has a multicomponent solid, a solvent which solves the desired
material in the medium. The principle of this extraction method is to dissolve the oil with
solvent and remove it from the environment. Diffusion is slow in solids, so it is very difficult
to reach equilibrium in this process [30].

The parameters affecting solvent extraction are the contact of oil with solvent (oil is
usually localized between cells, therefore the size reduction pre-treatment is required, so the
surface area is increased, the contact area is also increased), the structure and amount of
solvent to dissolve oil, the solution can easily be removed from the environment (lower
boiling points ones preferred), temperature (diffusion rate increases as temperature increases)
[31].

The advantages of solvent extraction are low cost, simple equipment use, no need to
filtration the oil obtained, and high efficiency. However, the too much toxic solution to
release the environment and high-temperature application disadvantages [32].

Pradhan et al. [34] examined the chemical composition of the oil obtained from the flax
seed with supercritical carbon dioxide extraction, solvent extraction and cold press method.
According to this, the highest oil yield was achieved in solvent extraction with hegzan,
followed by supercritical CO; extraction and the minimum efficiency was achieved by cold
press method. However, when the quality criteria were examined, the quality of the oil
obtained by cold press method was considered to be better than the other techniques. The
difficulty of removing the solvent from the oil, the presence of the solvent in the obtained oil,
and the fact that it is ecologically harmful, reduces the use of solvent extraction. Instead, the
eco-friendly supercritical CO» and cold press method should be considered. However, when
evaluated in terms of yield, supercritical CO; extraction method can be used between cold
press and solvent extraction.

Yilmaz and Gékmen [35] obtained oil from the seed by solvent extraction in their study
for the characterization of sour cherry kernels. In addition, they obtained oil by supercritical
fluid extraction method and examined the effect of these extraction methods on the
composition of the cherry kernel oil. The results of the study showed that the amount of
carotene extracted in solvent extraction was higher and the amount of phenolic compounds
was lower. In addition, the effect of hexan and hexan ethanol mixture on oil composition was
investigated in solvent extraction and it was observed that oil has a positive effect on the
extraction of phenolic compounds, antioxidant activity and carotene composition.

Studies have shown that the solvent extraction method in low and medium fat seeds
provides higher oil yield by 11.5% compared to cold press method [36, 37].

4.2. Enzyme-assisted extraction

The disadvantages of solving extraction have resulted in the search for alternative
methods. Water has been tried as a cheap and non-toxic solvent in order to eliminate the use
of toxic solvents. However, no acceptable yield was achieved. On the other hand, with the
addition of enzyme, the cost increased more than when the cell wall was broken and the
extraction of oil was performed and high efficiency was achieved. Water is used as a
separation medium by using the rule that the oil is not dissolved in water, the cell walls are
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broken and the oil extraction is performed so that the amount of enzyme used is reduced as
much as possible [38, 39, 40].

Enzymes used in the aforementioned method have an effect on those in their own
structure from the components that make up the cell wall, such as cellulose, hemicellulose,
lignin, pectin compounds [41].

The Table 1 shows the enzymes used for enzyme-assisted aqueous extraction from some
oilseeds.

Table 1
Enzymes used for enzyme-assisted aqueous extraction

Materials Used enzymes References
Ground peanuts Alcalase [42]
As1398
Protizyme
Papain
Chymotrypsin
Nutrias
Protamex
Trypsin
Ground sesame seeds Alcalase 2.4L [43]
Protex 7L
Viscozyme L
Natuzyme
Kemzyme

Minced yellow horn
seed kernels Cellulase [44]
Hemicellulase
Pectinase
Jatropha seed kernels Protizyme [45]
Cellulase
Pectinex Ultra SP-L
Promozyme
Watermelon seeds Protex 6L [46]

Arslan [47] used an enzyme-assisted aqueous extraction method to extract grape seed
oil. According to this, it is proven that the enzyme type, enzyme concentration, hydrolysis
time and solvent effect to oil yield and optimum conditions are reached to maximise oil yield.

Jung [48] obtained fat from soybean seeds by aqueous extraction method and enzyme-
assisted aqueous extraction methods. The cold press method, which is thought to have an
effect on oil yield, was pre-treated and its effect on the said extraction was investigated.
Accordingly, it was revealed that a greater amount of oil was obtained from the samples
subjected to cold pressing as the pretreatment. In particular, the efficiency of cold press was
increased from 62.8 to 95.7% in enzyme-assisted aqueous extraction.

Szydtowska-Czerniak et al. [49] applied to enzyme support to increase the efficiency of
cold press method in the extraction of flax seed oil. It was concluded that enzymatic
extraction increased the oil yield from 5 to 16.4%.
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Cold press method; simple to use, environment-friendly and fatty seeds are the most
commonly used method in the oil field, but its efficiency is low while enzyme-assisted
extraction is high but difficult in terms of cost and processing steps are difficult. For these
reasons, enzyme extraction can be applied as a pre-process [50, 51, 52, 49].

4.3. High-pressure extraction

In this study, high-pressure extraction is relatively new technology than other extraction
methods which mentioned. Contrary to popular belief, it is not a homogenization method or
supercritical fluid extraction [53].

In high-pressure extraction, the solid samples are usually used and the solution is
discharged to high temperatures up to 200 °C above the boiling point by the short-term high-
pressure application. Mentioned high pressure to reduce solvent consumption is about 1000-
1500 psi [54].

The advantages are that the obtained product is far away from impurities, that it saves
energy, that it is a safe method and that it reduces the use of solvents as much as possible [55,
56].

The difference between the pressure inside and outside the seed cells is based on the
principle of breaking the cell wall and the release of the localized oil between them.
Therefore, it can be considered as a suitable method for oil extraction from oilseeds. Contact
with the solvent can sometimes be interrupted by blocking the solvent passage from the pores
with the amount of air and water sample has, but this problem can be solved by applying
higher pressure [57, 58].

Previous studies indicate that reducing the emulsion capacity of proteins with high
pressure increases the yield of fat extraction. This change in the structure of proteins is
facilitated by hydrolysis and denaturation, which is possible with the high-pressure
application. With decreasing protein solubility, in addition to denaturation, peptide bonds in
proteins facilitate hydrolysis with proteolytic enzymes. This has lead to studies that use the
high-pressure method as a pretreatment [59].

Jung and Mahfuz [60] performed enzyme extraction after high-pressure application and
increased soybean oil yield by up to 3%.

Andreou et al. [61] studied the effect of high pressure and pulsed electric fields on oil
yield and oil quality parameters in olive oil. According to this, the high pressure application
of olive oil has increased oil yield by 6 to 8% (although it varies according to Olive cultivars).
The researchers pointed out that the high pressure application did not cause any negative
effects on the sensory properties and quality parameters of olive oil, even better caused an
increase in oxidative stability of the oil and emphasized that its use in the oil industry with
its advantages such as low processing times and low costs could have positive results.

4.4. Distillation

Distillation method is a commonly used method in the extraction of essential oils.
Aromatic plants contain highly volatile components and therefore, in other extraction
methods, a large portion of these components are lost. In distillation, volatile oils released
from the plant's structure together with Steam have transported through steam again. When
they pass through the back cooler, it intensifies and returns to the liquid form. Thus, it is
possible to obtain pure essential oil. Most important advantages of essential oil obtained by
steam distillation is that process temperature lower than 100 °C, so included essential oils
temperature sensitive other materials can be distilled [28, 62]. In this study we focused on
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oil extraction from oilseeds, for this reason, it is considered appropriate to give only brief
information about distillation method.

4.5. Hydraulic press

First in 1785 J. Bramah discovered hydraulic press for oil extraction from oilseeds. In
the 1800's, hydraulic presses with 16 press boxes and 400 tons of pressure force were used
[29]. The principle of Hydraulic Press is that the oil that comes out of the filter is obtained
by pressing the seeds that are filled in the filter cloth inside the boxes. Press cake remains in
filter cloth, then manually emptied. The most important parameters are pressure and
temperature [63]. Although the hydraulic press cages that did not require filter cloth in the
1900s provided great convenience, in 1950, methods such as cold extractors, solvent
extraction, which were able to be applied to continuous systems, maintained high-efficiency,
worked faster, required less labor, and the remaining oil amounts were relatively low begin
to use. The hydraulic press is still used in olive oil production today.

Gros et al. [33] in their study of the purpose of obtaining the oil from flax seed in cold
press method used in their work. In order to increase the oil yield, subjected the flax seeds to
the hydraulic press as pretreatment but concluded that there was no significant effect on the
yield.Owolarafe et al. [64] compared the hydraulic press and cold press method in palm oil
extraction. The yield and quality parameters of the oils obtained by these two extraction
methods were compared. According to this, it is suggested that the cold press method is
superior to the hydraulic press, because the required labor force and cost are lower during the
process, oil yield is higher and the processing time is shorter, in other words extraction is
faster and obtained oil has better quality.

Conclusion

In this review, brief information about oil extraction was given and traditional extraction
methods were evaluated in terms of advantages, disadvantages and working principles. Since
extraction is a very wide and has a very long history separation method, it is limited to
working oil extraction and especially with the help of cold press cold squeezing or cold
pressing. Cold press is preferred due to its wide usage areas, simple use, lack of manpower,
low cost, environmentally friendly, lack of harmful organic solvents and high-quality
production possibilities. In addition, generally the product is not applied to heat treatment
(cold press), therefore, as mentioned in the study, high-quality oils are obtained. These oils
are generally suitable for direct consumption and do not require refining. In this review, the
studies which are working on the optimization of the oil extraction with the cold press and
the parameters affecting the oil quality and efficiency, and the studies that have applied the
pre-treatment before the cold press and examines the effect of the pre-treatment on the oil
yield are included. Generally, when the amount of seed moisture content is 10% and above,
the efficiency is negatively affected, the product type has a significant effect on the yield,
contrary to the thought that the speed of the cold rotation does not increase the yield.
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Introduction. The aim of the publication is to study the mechanism
of the establishment of relaxation of water-alcohol mixtures (WAM) in the
main stages of creating vodka in the application of electrochemical
activation (ECA) at the stage of Na-cationization process water softening.

Materials and methods. '/ NMR analysis was performed using: F7-
NMR Bruker Avance II spectrometer (400 MHz); special capillary with
acEtOHe-dj; high accuracy ampoules Ne 507-HP; dispenser; ethyl alcohol
rectified (EAR); water softened by Na-cationization; WAM from EAR
and softened water.

Results and discussion. In this work, the equilibrium state of vodkas
in the creation of WAM in the process of ECA of softened water by Na-
cationization is investigated. It has been established that electrochemical
reactions lead to a change in the system of intermolecular interactions.
Charging states of molecules in anolyte and catholyte lead to differences
in the electron distribution, which affects the chemical displacements of
hydroxyl protons. In relation to the softened water (9x0=4.65 ppm), the
anolyte with dr20=(4.23; 4.22) ppm has a displacement of the hydroxyl
proton in the «strong field» at 4=170 Hz. The catholyte with d20=(4.56;
4.54) ppm has a displacement in the «strong field» at A/=40 Hz. It has been
proved that the WAM on anolyte (pH=2.43) and EAR has an acidic
medium (pH=3.10), WAM in a catholyte (pH=11.08), and EAR has a
meadow medium (pH=11.75). These polar ratios of H;0" to OH" for
anolyte and catholyte lead to a restructuring of the structure in the
alcohol/water system. It can be assumed that the proton exchange is
accelerated, while there is one general signal of mobile protons
EtOH+H-O0.

On the basis of the study a fundamental difference between the
behavior ofthe WAM and the vodka prepared on softened water and water
after ECA treatment was established. Found systems (alcohol/water) with
a stable equilibrium, which are characterized by a high degree of
generalization of protons, as well as characteristic rates of exchange for it.

Conclusions. The experimental data obtained prove the dependence
of the speed and nature of the establishment of the thermodynamic
equilibrium due to the relaxation of the WAM. 1t is shown that relaxation
occurs at the simultaneous stabilization of the hydroxyl group of water and
ethanol protons.
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Introduction

Today, 'H NMR spectroscopy is the most popular among spectroscopic methods due to
its simplicity (Rutledge, 1996) [26] and completeness of information (Majumdar et al., 2017
Richards, Hollerton, 2011) [23, 27], thus accelerating chemical research, especially in the
food industry (Abraham, Mobli, 2008) [20]. A large number of articles discuss the use of NVMR
for research of food products: honey, fruits, juices, vegetables, pastry, cheese, meat, fish, dairy
products, starch and alcohol products (Zuriarrain et al, 2015; Minoja, Napoli, 2014; Zhu, 2017,
Campo et al, 2016; Pinto et al, 2018; Oh et al, 2018; Shi et al, 2018; Youssoufet al, 2017; Li et
al, 2018; Kuballa et al, 2018; Yuan et al, 2017)[1,2, 5, 6,9, 10, 11, 17, 25, 28, 32]. This method
provides comprehensive information with relatively simple obtaining spectra, thus greatly
facilitating and accelerating chemical research (Hu et al, 2010; Nose et al, 2005; Roberts, 2002;
Richards, Hollerton, 2011) [8, 18, 24, 27].

Since the first /H NMR spectra of water and ethanol have been obtained more than 60
years, today there are many works (Batta et al, 1997; Albert, 2002; Meusinger, 2010;
Rutledge, 1996; Holzgrabe et al, 2008) [7, 12, 21, 26, 29] in which the spectra of water and
ethanol are given — which are understandble from the analytical point of view of the
substance. But these relatively simple molecules have a large variety of details that occupy a
deserved place both in works (Arnold, 2002; Becker et al, 2002; Oliveira et al, 2007;
Ababneh, 2018; Richards, Hollerton, 2011; Xu et al, 2012; Mori et al, 2018) [3, 4, 19, 22, 27,
30, 31] and are of interest to our work (Kuzmin et al, 2017) [15, 16].

We will consider a complex of issues related to intermolecular proton exchange. The
hydroxyl protone of ethanol can be exchanged with free H* ions in the matrix, which are
generated by the introduced water or by residual quantities of acid (Arnold, 2002; Becker et
al, 2002; Abraham, Mobli, 2008) [3, 4, 20]. The rate of exchange is proportional to the number
of free ions H", so the actual location of the center of the signal depends on the availability
of an alternative exchange point (water), as well as on the difference in chemical changes in
the protons of the two milieus (Arnold, 2002; Richards, Hollerton, 2011) [3, 27].

Previously, we have conducted primary research of 'H NMR of water-alcohol mixtures
(WAM), which were described in the work of Kuzmin et al, 2017 [15, 16]. The obtained results
give grounds to assert a fundamental difference in the behavior of the WAM prepared from the
alcohol and water passing through various processes. This may indicate the presence of such
features as separate signals of OH-protons of H>O and EtOH. Also abnormal waveforms of CHj
and CH, characterize a product with a lowered tasting properties. The presence of the combined
signal of HO+(EtOH) and a «clear» form of CH; and CH, signals (triplet — for CH3, quartet — for
CH.) — characterizes the WAM with the best tasting properties.

Thus, in the work of Kuzmin et al, 2017 [15, 16] established experimental evidence or
instilment nature/(non- installment) of thermodynamic balance, taking into account the
organoleptic characteristics of WAM in dependence on water treatment method and time of
system’s functioning. However, the questions related to internal mechanism’s specification and
the rate of establishment of thermodynamic balance depending on type of water used in the
process of creating the WAM are remain unsolved.

Therefore, the additional research is required for a detailed study of internal mechanism of
thermodynamic balance and insurance in obtaining high quality vodka products — for each type
of water separately.

Conducting a set of technical solutions at the main stages of production of vodka, due to
electrochemical activation (ECA) of technological water, will allow us to study the
mechanism for establishing the equilibrium state of WAM by stabilizing the position of OH-
protons of ethanol and water, using ' NMR spectroscopy. Since there is no such information

656 —— Ukrainian Food Journal. 2018. Volume 7. Issue 4



Food Technology ——

in the literature, the purpose of the work was to study the mechanism of establishing the
thermodynamic equilibrium — the relaxation of the WAM at the major stages of creating
vodka when applying ECA at the stage of Na-cationization softening of technological water
to predict the quality of the final product.

For the set goal, the following tasks were solved:

— to obtain experimental evidence of the rate and nature of the establishment of the
thermodynamic equilibrium of WAM;

— to establish a mechanism of thermodynamic equilibrium — the relaxation of WAM;

— to investigate the stabilization of the hydroxyl group of water and ethanol protons.

Materials and methods

Scheme of conducting research (basic scheme of the experimental stand, the scheme of
sample preparation for the /H NMR study and block diagram of the /H NMR spectrometer) is
presented in Figure 1.

The following devices, materials and raw materials were used for research:

— dispenser (15); ampoules 5 mm (400 MHz) with specimens (16); capillaries with
deuteroacEtOHe (DAC) (17); ampoules with capillary (18) (Figure 1, b);

— drinking water (0.0) with characteristics: hydrogen index 6.91 unit pH; redox potential
(ORP) «+»269.0 mV; mass concentration (MC) MCc, — 104.342 mg/dm?; MCpy, — 22.835
mg/dm?®; MCn, — 91.966 mg/dm?; total hardness — 8.04 mmol/dm?; total alkalinity — 5.38
mmol/dm?;

— softened water (1.0) with characteristics: hydrogen index 7.18 unit pH; ORP «+» 288.0
mV; MCc, — 0 mg/dm?; MCp, — 0 mg/dm?; MCn, — 266.131 mg/dm?; total hardness — 0.05
mmol/dm?; total alkalinity — 4.12 mmol/dm?;

— anolyte (1.2) with characteristics: hydrogen index 2.43 unit pH; ORP «+» 451.0 mV;
MCc, — 0 mg/dm3; MCy, — 0 mg/dm?; MCn, — 156.626 mg/dm’; total hardness — 0.90
mmol/dm?; total alkalinity — 0.00 mmol/dm?>;

— catholyte (1.1) with characteristics: hydrogen index 11.08 unit pH; ORP «+» 44.0 mV,
MCc, — 0 mg/dm3; MCpy, — 0 mg/dm?; MCn, — 380.009 mg/dm3; total hardness — 0.15
mmol/dm?; total alkalinity — 10.85 mmol/dm?;

— ethyl alcohol rectified (EAR) of the class «Lux» (2.0): volume fraction of ethanol —
96.37%, at T:293 K; MCaldehydes — 128 mg/dm3; MCfusel oil — 147 mg/dm3; MCesterS — 130
mg/dm?; volume fraction of methanol — 0.0022%;

— WAM for EAR of a class «Lux» and water softened by Na-cationization (3.0): volume
fraction of ethanol — 39.90%; hydrogen index 7.84 unit pH; ORP — «—»35 mV; MCaidehydes
— 1.31 mg/dm?; MChysel ol — 1.41 mg/dm?; MCesers — 1.41 mg/dm?; volume fraction of
methanol — 0.0020%; alkalinity — 2.40 ml; tasting score — 9.49 points;

— WAM on softened water — anolyte (3.2): volume fraction of ethanol — 39.91%; hydrogen
index 3.10 unit pH; ORP — «+»146 mV; MCaldehydes - 1.80 mg/dm3; MCusel oif — 1.26
mg/dm?3; MCesters — 1.55 mg/dm?; volume fraction of methanol — 0.0022%; alkalinity —
0.00 ml; tasting score — 9.51 points;

— WAM on softened water — catholyte (3.1): volume fraction of ethanol — 39.95%;
hydrogen index 11.75 unit pH; ORP — «—»174mV; MCadehydes — 1.43 mg/dm?®; MCfusel oil —
1.20 mg/dm?3; MCesers — 1.42 mg/dm?; volume fraction of methanol — 0.0021%; alkalinity
— 2.40 ml; tasting score — 9.42 points;
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Figure 1. Scheme of research:
a — the principle scheme of the experimental stand;
b — sample preparation scheme for {H NMR study;
¢ — block diagram of a /H NMR spectrometer;
0.0-7.0 — streams; 1-14 — technological equipment; 15-22 — laboratory equipment
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— WAM on EAR and water softened at the expense of Na-cationization after treatment with
activated carbon (AC) (4.0): volume fraction of ethanol — 39.81%; hydrogen index 9.14
unit pH; ORP — «+»122 mV; MCaigenydes — 1.72 mg/dm?; MCysel oi — 1.34 mg/dm3; MCeseers
— 1.82 mg/dm?; volume fraction of methanol — 0.0023%; alkalinity — 2.3 ml; tasting score
—9.63 points;

— WAM on softened water — anolyte after AC (4.2): volume fraction of ethanol — 39.82%;
hydrogen index 3.12 unit pH; ORP — «+»360 mV; MCaigehydes — 4.54 mg/dm>; MCfusel oil —
1.57 mg/dm?3; MCesers — 3.52 mg/dm?; volume fraction of methanol — 0.0024%; alkalinity
— 0.0 ml; tasting score — 9.61 points;

— WAM on softened water — catholyte after AC (4.1): volume fraction of ethanol — 39.80%;
hydrogen index 10.45 unit pH; ORP — «+»92 mV; MCaigehydes — 2.22 mg/dm>; MCfusel oil —
1.44 mg/dm?3; MCesers — 1.60 mg/dm?; volume fraction of methanol — 0.0024%; alkalinity
— 2.4 ml; tasting score — 9.65 points;

Methods: ‘H NMR spectroscopy; methods for assessing physical-chemical and
organoleptic characteristics of water, EAR, WAM and vodka.

Work methodology of ‘H NMR (Kuzmin et al, 2017) [15, 16]: using the dispenser (15) in
the ampoule (16) the test specimen is given. Necessary for the system LOCK — deuterial
stabilization NMR spectrometer DAC — external standard, which is separated from the test
substance, is introduced into the ampule (16) in the capillaries of a special form (17); in
accordance with the method of recording /H NMR spectra, the spectrum of the sample in the
DAC (18) is recorded and processed using the Bruker TopSpin v2.6 program.

Apparatus. For the 'H NMR study, the Fourier NMR spectrometer Bruker Avance II 400

MHz (Figure 1, c) (19-22) was used.

In Figure 1 a, the principal scheme of the experimental stand with the diaphragm
electrochemical reactor is given.

Drinking water (0.0) through the open tap (9) enters the line for preparation of
technological water, which consists of the following elements:

— mechanical filter (1) of polypropylene fiber with a filtration rating of 5 pm, which
removes mechanical impurities of more than 5 um from the water;

— carbon filter (2) with porous carbon materials (PCM), which is prepared from alternative
materials — food industry wastes by method of chemical activation using H3POy (Kuzmin
0., Shendrik T., Zubkova V., 2017) [14], which provides clearing of active chlorine, iron;

— a mechanical filter (3) with a filtration rating of 1 pm which removes mechanical
impurities from the water, which are in the form of weighted particles of varying degrees
of dispersion sized by more than 1 pm;

— a filter with ion exchange resin cationic type granules (4). The installation is equipped
with mechanisms of automatic regeneration of ion exchange resin NaCl (6.0) and a drain
of water concentrate from CaCl, and MgCl; (7.0);

— abarrier filter (5), which is designed for control softened water filtration before supplying
reverse osmosis with a particle lag rating of 1 ym.

Results and discussions

On the ECA preparation line, softened water enters the electrochemical reactor (6), the
anodic and cathodic space of which is separated by a porous partition, a diaphragm that is
permeable to ions and impervious to products of electrolysis. In this case, the arrival of
electrons in water occurs near the cathode, and the removal of electrons from water — near
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the anode, which leads to the formation in a cathode chamber — a catholyte (1.1), and in the
anode — anolyte (1.2).

For drainage and filtration of the catholyte concentrate (1.1") there is an additional line
with a receiving capacity (7), a sand-filter (12) and air cocks (8) — for air separation (5.0).

The ECA process leads to an increase in the water temperature to 7;.;.;,=310 K, which is
unacceptable for the manufacture of WAMSs, so the water flows (1.1, 1.2) are additionally
cooled using a chiller (14).

On the WAM preparation line from the pressure tanks (10) to the sorting tanks the EAR
(2.0) and then the water (1.0-1.2) are added (11), where they are mixed by high-speed
propeller mixers with the asynchronous electric motor Vemat VTB80B-S8. In the process of
mixing there is contractionof the total volume of the WAM with heat release. After mixing
using the density analyzer «Anton Paar DMA 4500», if the strength of the WAM is
determined with deviations from the given, adjust it, re-mix and carry out sampling (3.0—
3.2).

After mixing, the WAM enters the pressure vessels (10), after which it is filtered on the
sand filters (12) and treated with AC in adsorbers (13). AC used from pyrolyzed wood wastes,
obtained by the method of alkaline activation of KOH (Kuzmin O., Tamarkina J., Shendrik
T., Zubkova V. et al, 2017) [13]. In order to get rid of small particles of coal, WAM (vodka)
is filtered again and sampled (4.0-4.2).

In Figure 2—11 shows one-dimensional ' NMR spectra of hydroxyl protons of the studied
substances, taking into account the chemical shift.

The studies used EAR with a volume fraction of ethanol — 96.37% and water — 3.63%, so
the 'H NMR spectra of OH-proton WAMs are represented by two separate signals of ethanol
EtOH and H,O water (Figure 2 ). The component EtOH is a symmetric singlet with an expanded
base and an apex of the correct form with a chemical shift dz0r=5.65 ppm. The H>O component
is a singlet from dx20=4.85 ppm. The difference in chemical shifts between EtOH and H>O is
46=0.80 ppm (4f=320 Hz).

The 'H NMR spectrum of softened water due to Na-cationization (Figure 3) is presented
as a singlet with an expanded base and an irregular vertex and Sp20=4.65 ppm. The 'H NMR
spectrum of water softened by Na-cationization after ECA: anolyte is a singlet from
0m20=(4.23; 4.22) ppm (Figure 4); catholyte is a singlet from dx20=(4.56; 4.54) ppm (Figure
5). In relation to the water softened by Na-cationization, anolyte has displacement in the
«strong field» at 46=0.425 ppm (4f=170 Hz), catholyte has a displacement of the hydroxyl
proton in a «strong field» with an average value of 46=0.10 ppm (4/=40 Hz).

In the process of mixing the EAR class «Lux» (Figure 2) with water softened by Na-
cationization (Figure 3), the WAM is formed (Figure 6), whose ‘H NMR spectra are
represented by one single singlet — EtOH+H,O with an expanded base and the vertex of the
correct form and Ogom+m20=4.41 ppm. The difference in chemical shifts between EtOH and
H>0 is 46=0.0 ppm.

When creating a WAM (Figure 7) on an EAR of the class «Lux» (Figure 2) with the
anolyte (Figure 4), the proton spectra are represented by one single singlet — EtOH+H>O with
Omon+i20=(4.82; 4.81) pmm. The form of the EtOH~+H>O signal is a distorted gaussian, with
an extended base and a certain asymmetry of the vertex, which has one principal peak peak
and one additional low-peak peak.

When creating a WAM (Figure 8) in the catholyte (Figure 5), the proton spectra are
characterized by a total singlEtOH EtOH+H,>0 with dgon+m20=(4.76; 4.75) pmm.
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Figure 2. 'H NMR spectra of proton groups EAR: CH3; CHz; H:0; EtOH
[
\
|
\
|
\
— el \"—— — ———
T T T T T T T T T T
76 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm
Figure 3. 'H NMR spectra of hydroxyl proton of Na-cationization softening of technological
water
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Figure 4. 'H NMR spectra of hydroxyl proton of water softened by Na-cationization after ECA

(anolyte)

T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

Figure 5. 'H NMR spectra of hydroxyl proton of water softened by Na-cationization after ECA
(catholyte)
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Figure 6. 'H NMR proton spectra of WAM for EAR and softening of water
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Figure 7. 'H NMR proton spectra of WAM for EAR and softening of water after ECA (anolyte)
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Figure 8. 'H NMR proton spectra of WAM for EAR and softening of water after ECA (catholyte)
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Figure 9. 'H NMR proton spectra of WAM for EAR and softening of water after treatment with
AC
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Figure 10. 'TH NMR proton spectra of WAM for EAR and anolyte after treatment with AC
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Figure 11. 'TH NMR proton spectra of WAM for EAR and catholyte after treatment with AC
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It can be concluded that in the process of creating a WAM in water softened by Na-
cationization with a pH level of 7.18 and an EAR of the «Lux» class, the obtained WAM has
a pH level of 7.84, which characterizes the reduced concentration of ions of hydroxonium
H;0" in relation to OH hydroxyl ions. At constant concentration of alcohol in WAM
(volume fraction of ethanol — 39.94%) and thermostating system at /H studies (7=296.5 K)
there is an instantaneous structuring of the system, the proton exchange is so fast that there
is only one general signal of hydroxyl protons ethanol (EtOH) and water (H.0), although
with a certain asymmetry.

At the expense of the ECA when WAM is created in anolyte with a pH level of 2.43 and
an EAR of the Lux class, the WAM obtained has a pH level of 3.10, which characterizes the
acidic medium. WAM on a catholyte with a pH level of 11.08 has a strongly alkaline medium
(pH=11.75).

These polar ratios of H;0* to OH™ concentrations for anolyte and catholyte lead to a
restructuring of the structure in the alcohol/water system, therefore, the proton exchange is
accelerated and there is also only one general signal of mobile protons EtOH+H.O
asymmetric.

In this case, the ECA water intensifies the oxidation-reduction reactions when creating
WAM, due to the increase of MC aldehydes and esters. Aldehydes are acetaldehyde, which
is formed by oxidation of ethanol with oxygen. Esters are represented by ethyl acetate, by
oxidation of part of acetaldehyde to acetic acid by oxygen and by the interaction of acetic
acid with ethanol to form ethyl acetate.

After processing AC WAM on water softened by Na-cationization (Figure 9), the
resulting vodka is characterized by a single total signal of hydroxyl protons, EtOH+H:O,
represented as a symmetric singlet with a chemical shift dgon+#20=4.41 ppm. In the process
of processing AC WAM in the anolyte (Figure 10), which is characterized by a total peak —
EtOH+H>O, represented as a symmetric singlet with dgom+m20=4.85 ppm. In the process of
AC WAM treatment on the catholyte (Figure 11), ’H NMR spectra of OH-groups are
characterized by a total peak — EtOH+H>O with a chemical shift 0gon+m20= (4.77; 4.75) ppm.
The form of the total signal is a distorted Gaussian with an extended base and a vertex that
has one main high-field peak and an additional low-field peak.

When producing vodka on the EAR class «Lux», technological water must meet the
requirements of the organization standard and have the following characteristics: dry residue
—no more than 350 mg/dm?; hydrogen index — from 6.0 to 8.0 units pH; total hardness — not
more than 0.1 mmol/dm?; alkalinity total — from 1.0 to 2.0 mmol/dm’; ORP is not
standardized.

Due to the conducted research, water after Na-cationization has an elevated pH=7.18
relative to drinking water (pH=6.91), as well as elevated ORP=«+»288.0 mV for drinking
water (ORP=«+»269.0 mV). Anolyte and catholyte samples are characterized by a change in
the pH and ORP levels relative to the initial values: with the anode ECA, the hydrogen index
becomes more acidic (pH=2.43); ORP - increased to positive (oxidative) values
(ORP=«+»451 mV); at catholit — the pH=11.08 acquires a more alkaline reaction;
ORP=«+»44.0 mV.

In Figure 12 is represented the dependence of hydrogen indicator of the ORP for water,
WAM, WAM after AC without processing and after ECA. In this case, three areas of samples
can be observed: ap — without treatment; a; — samples in the catholyte; a, — samples on
anolyte.

It can be argued that in the process of creating vodka there is relaxation of the WAM in
terms of the level of pH and ORP, which in this case are «markers» of stabilization. The
values of pH and ORP tend to shift to a stationary area of values that will not undergo critical
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changes throughout the «life cycle» of the finished product, while maintaining optimal
storage conditions. Although in real storage conditions, there is a slight increase in pH and
decrease in ORP, which are already dependent on the interaction of the product with the glass
in which the product is stored.

A slight change in the value of total alkalinity in Na-cationization (4.12 mmol/dm?)
relative to drinking water (5.38 mmol/dm?) is a major disadvantage of this process. Therefore,
in the process of ECA on anolyte there is a decrease in alkalinity to 0 mmol/dm?, and after
ECA (catholyte) — an increase in alkalinity to 10.85 mmol/dm?. Therefore with the help of
anolyte it is possible to further acidify the water to reduce the total alkalinity of water.

It can be concluded that the electrochemical reactions occurring in the anode and cathode
chambers of the diaphragm electrolyzer lead to a change in the entire system of
intermolecular interactions, with different charge states of molecules in the anolyte and
catholyte leading to differences in the electron distribution, which affects the values of
chemical shifts hydroxyl protons.

-100

-200

—300 T T T T T T T T T
2 3 4 5 6 7 8 9 10 11 12
Hydrogen index, unit pH

Figure 12. Dependence of hydrogen index of the ORP for water, WAM, WAM after AC without
processing and after ECA:
ao — area of samples without processing — control (1.0 — water softened by Na-cationization, 3.0 —
WAM on softened water, 4.0 — WAM on water softened after treatment AC);
a; — area of samples after ECA (catholyte);
ay — area of samples after ECA (anolyte)

The vodka from the EAR class «Lux» should correspond to the following indicators: MC
aldehydes in terms of acetic aldehyde — no more than 4 mg/dm?; MC of fusel oil, calculated
on the mixture of propyl, isobutyl and isoamilic alcohols — not more than 4 mg/dm?; MC
esters in terms of acetic-ethyl ester — no more than 5 mg/dm?; volume fraction of methyl
alcohol — not more than 0.01%; alkalinity — from 0.5 to 3.5 cm?.

As water is softened by Na-cationization and water softened after ECA — do not meet all
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the requirements of the normative documentation, the vodka created on this water,
conditionally meets the requirements of regulatory documentation, except for alkalinity and
MC aldehydes — for vodka on anolyte. In this case there are significant changes in the level
of pH and ORP in the WAM in the catholyte after processing with AC. At the primary
pH=11.75 for the WAM, after the AC WAM processing at the catholyte, the pH level 10.45,
with the primary ORP=«»174 mV, after the AC WAM treatment at the ORP cathode «+»
92 mV.

It can be argued that at the stage of treatment of AC WAM in water softened by Na-
cationization and ECA there is a relaxation of the WAM, which results in the return of the
values of pH and ORP to the new equilibrium values while simultaneously stabilizing the
hydroxyl groups of protons of ethanol and water, due to generalizing of signals.

Conclusions

On the basis of the study, a fundamental difference was found between the behavior of
WAM and vodka prepared on water softened by Na-cationization and water treated by the
ECA. Systems with unstable equilibrium were not detected. The system of alcohol/water with
a constant equilibrium and a high degree of generalization of protons, as well as its
characteristic exchange rates, is characteristic of the WAM from the EAR of the Luxury class
and the water softened by Na-cationization as well as the water that passed the ECA in the
diaphragm electrolyzer.

Thus, experimental evidence is obtained of the dependence of the rate or time and nature
of the establishment of the thermodynamic equilibrium due to the relaxation of the water-
alcohol systems with the simultaneous stabilization of the hydroxyl group of water and
ethanol protons.

The purpose of the work is to study the mechanism of establishing the equilibrium state of
vodkas during the creation of water-alcohol mixtures in the process of electrochemical
activation of technological water at the stage of Na-cationization softening. Experimentally
proved the dependence of the time and nature of the establishment of the thermodynamic
equilibrium — the relaxation of the water-alcohol systems during the stabilization of the
hydroxyl group of protons of ethanol and water.
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Introduction. The research aim — to determine the effect
of two herbal mixtures on herb bread properties. The influence
was established of the herbals on the total phenolic content and
antioxidant activities of herbal mixtures, herbal-flour mixtures
and herb breads.

Materials and methods. It was used two herbal mixtures
(1 — thyme, oregano and lemon balm; 2 — thyme, oregano,
lemon balm and fenugreek) with wheat flour for herb bread
production. Total polyphenol content was determined
following the Folin-Ciocalteu method. The antioxidant
activities of sample extracts were evaluated by four methods:
ABTS"", CUPRAC, FRAP and DPPH assay.

Results and discussion. The highest total phenolic
content from all investigated herbs showed oregano (30.43 mg
GAE/g dw), herbal mixtures 1 and herbal mixtures 2 — 19.18
mg GAE/g dw and 17.47 mg GAE/g dw, respectively. In
herbal-flour mixture and prepared breads the level of total
phenolic content were in the range from 0.31mg GAE/g dw to
0.37 mg GAE/g dw. Therefore, the content of these bioactive
compounds didn't changed significantly during the baking
process. The highest antioxidant activity of herbal mixtures,
herbal-flour mixtures and breads were obtained by two of the
used methods — ABTS and FRAP assay. The highest
antioxidant potential was demonstrated by herbal mixture 1
consisted of 3 herbs — 16829.73 mM TE/100 g dw, followed
by the herbal mixture 2 with 4 herbs — 14693.75 mM TE/100
g dw, respectively, both evaluated by the ABTS method. For
the FRAP method, the antioxidant activity values were:
15997.65 mM TE/100 g dw for the herbal mixture 1 with 3
herbs and 14136.82 mM TE/100 g dw for the herbal mixture 2
of 4 herbs.

Conclusions. Herbs added to flour increased the total
phenolics and antioxidant values of flour-mixtures and breads.
Insignifiant differences in the antioxidant potentials were
observed between breads with three and four herbs.
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Introduction

One of the global problems among people is diseases caused by unbalanced eating. The
current methods of solving these problems are to increase the nutritional and biological value
of daily consumed food products, including bread. It is known that traditional types of bread
that have a high energy value are characterized by an unbalanced amino acid composition, a
low fiber content, vitamins and minerals. Therefore, an important task of bread-making is to
strive for the production of bread enriched with physiological-functional ingredients [1].

The nutritional value of the bread depends on the type of flour used and on the variety
of other ingredients added to the production. Bread is well absorbed by the body, as it has an
elastic medium in which the proteins are optimally denatured, the starch is clustered and the
sugars dissolved. They are thus available for the action of enzymes in the gastrointestinal
tract [2].

To increase the nutritional and biological value of bread, we proposed to use medigal
plants like thyme (Thymus vulgaris L.), oregano (Origanum vulgare L.), lemon balm
(Melissa officinalis L.), fenugreek (Trigonella foenum-graecum L.) how are rich sources of
bioactive compound, especially essential oils, terpenes, phenolic acids and flavonoids with
proven antioxidant activity.

Medicinal plants present abundant sources of natural antioxidants and find enormous
application in human nutrition, not only as flavoring spices but also as natural remedy. Herbal
fortification of white bread is a new trend to improve its nutritional value [3]. Herbs are rich
in minerals, vitamins, flavouring agents and natural antioxidants. Roots, stems, leaves or
seeds of herbal plants have long been used in cooking and in naturopathy all over the world.
This supplementation of herbs add a spicy flavour, greatly improved taste and sensory
properties, and enhanced the level of natural antioxidants. Bulgarian culinary herbs and
medicinal plants find enourmous application in nutrition, because of their healthy effect due
to the bioactive compounds as essential oils, phenolic acids and antioxidants [4].

The nutritional and biological value of traditional wild herbs and spices used in food
preparation has been studied. According to this study, their chemical composition (% vc)
includes: crude protein (from 4.6 to 22.1%), from 7.5 to 36.0% fat, from 34.6 to 71.9%
carbohydrates and from 0.1 to 5.2% essential oils that determine the flavor of the herb-spice.
For wild herbs and spices, high antioxidant activity has been detected due to their biologically
active components [5]. Most herbs have been shown to exhibit an antioxidant, bactericidal,
fungicidal, antiviral effect and lower blood sugar levels [6, 7].

Recently, herbs are included as ingredients of herbal food supplements to enrich them
with biologically active substances useful for human health. In the ancient times, human used
herbs as a spice in the bread. The introduction of herbs into the bread contributes to its
enrichment with biologically active substances [8]. Dried herbs can be incorporated in a
larger assortment of bread and bakery products, technologies have been developed in recent
years to prepare ready-made flour mixtures enriched with ground herbal dried herbs [9]. It
has been found that thyme, marjoram, lemon balm and fenugreek are proper for incorporation
in ready-made wheat flour mixtures due to their pleasant aroma and their easier shredding
[10].

Moreover, thyme possessed strong antioxidant effect that is mainly due to flavonoids,
phenolic aids as rosmarinic acid and caffeic acid [11, 12, 13]. From the volatile aromatic
substances contained in the thyme, the eugenol, thymol and carvacrol exhibit a strong
antioxidant activity comparable to that of the known antioxidants such as a-tocopherol and
butyl hydroxytoluene [14, 15]. In addition, oregano is also herb with strong radical-
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scavenging activity, due to not only to presence of rosmarinic acid, but also of phenolic
compounds as apigenin, luteolin and carnosic acid [11, 13, 16, 17].

Melissa officinalis L. (known as lemon balm) belongs to the family of Lamiaceae. Its
therapeutic properties include sedative, carminative, antispasmodic, antibacterial, antiviral,
anti-inflammatory and antioxidative activities [18]. Various in vitro studies indicated that the
extract of lemon balm, oregano and thyme possessed antioxidant properties [19, 20, 21, 12,
13, 22]. Some authors Ando et al. [23]; Brown [24]; Kassaian et al. [25]; Naidu [26] have
reported antioxidant properties of fenugreek, that makes it a valuable component of healthy
nutrition.

The aim of the current study is to evaluate total phenolic content and in vitro antioxidant
activity of herbal-flour mixtures and prepared herbal breads.

Materials and methods
Materials

All chemicals for chemical analysis were analytical grade. Medical plants used in the
current study were as follows: thyme (Thymus vulgaris L.), oregano (Origanum vulgare L.),
lemon balm (Melissa officinalis L.) — leaves and Trigonella foenum-graecum L. areal parts.
The plants were with Bulgarian origin and were purchased from drugstore (Yambol,
Bulgaria). They were then heated to 40 °C for 1 h in a hot air oven and then ground to powder
in a commercial kitchen grinder. Then they were sieved through 0.1 mm. Commercial bread-
making wheat flour (type 1150 with moisture 13% and ash 11.5%), kindly delivered by
AgroMel-Import Ltd (Saedinenie, Bulgaria), was used in bread preparation. Salt was
purchased from the local stores of Yambol, Bulgaria. Dried baker’s yeast (,,Pakmaya”,
Turkey) was used as the leavening agent. Drinking water used for bread preparation was with
purity and proper for food purposes that was in accordance with the requirements of
Bulgarian legislation.

Herbal mixtures (1- thyme, oregano and lemon balm) and (2 — thyme, oregano, lemon
balm and fenugreek) were prepared by mixing, homogenizing and grinding of the medicinal
plants in ratio 1:1:1 (herbal mixture 1) and in ratio 1:1:1:1 (herbal mixture 2).

Preparation of composite flour mixtures

Herbal-flour mixtures with 3 and 4 herbs were prepared as follow:

Herbal-flour mixture 1 contained wheat flour type 1150, 1.5% herbal mixture 1 (thyme,
oregano and lemon balm), dried yeasts 1.4% and 1.5% salt.

Herbal-flour mixture 2 contained wheat flour 1150, 2% herbal mixture 2 (thyme,
oregano, lemon balm and fenugreek), dried yeasts 1.4% and 1.5% salt.

Preparation of breads

The breads were prepared according to bread making methods in the Department of
Technology of cereals, fodders, bread making and confectionary products (University of
Food Technologies, Plovdiv). The bread formula contained wheat flour (100%), dried yeasts
(1.4%), sodium chloride (1.5%), and deionized water (57%) and herbal-flour mixtures 1 and
2. Control bread sample was prepared without addition of herbal mixture, only wheat flour
1150, yeasts 1.4% and 1.5% salt. Bread dough was formed for 6 min at 29-31 °C and
fermented at 35 °C for 34 min. Breads were baked at 230 — 240 °C in a convection oven for
16 min. Breads were cooled to room temperature for 60 min [27, 28].
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Sample extractions

Bread samples were sliced (3 cm width and 1 cm thickness) and air-dried for 24 h. The
dried material was ground to obtain powdered bread samples. Powdered medicinal plants,
herbal mixtures and breads (10 g) were extracted with 50 mL of 80% aqueous methanol for
24 h at 25 °C. Samples were then centrifuged at 3500 rpm for 15 min. The supernatant
collected was used for further studies.

Determination of the total phenolic content (TPC)

The total phenolic content (TPC) was determined using the Folin—Ciocalteu reagent
according to Stintzing et al. [29] with slight modifications. Basically, 0.2 mL extract was
mixed with 1 mL Folin—Ciocalteu's reagent diluted five times and 0.8 mL 7.5% Na,COs. The
reaction was carried out 20 min at room temperature in darkness and the absorbance was
measured at 765 nm against blank sample. The results were expressed in mg equivalent of
gallic acid (GAE) per g dry weight.

Antioxidant activity

The antioxidant activities of sample extracts were evaluated by four methods: DPPH
(1,1- diphenyl-2- picrylhydrazyl) radical and ABTS+ radical scavenging ability assay based
on mixed hydrogen atom transfer (HAT) and both assay based only on single electron transfer
mechanism FRAP (ferric reducing antioxidant power) and CUPRAC, respectively.

ABTS assay. ABTS radical was generated by mixing aliquot parts of water solution of
7.0 mM 2,2"-azinobis(3)ethylbenzthiazoline-6-sulfonic acid (ABTS) and 2.45 mM potassium
persulfate. The generated ABTS radical was stable for several days. ABTS.+ solution (2.85
mL) was mixed with 0.15 mL extracts. After 15 min at 37 °C in darkness the absorbance was
measured at 734 nm against methanol.

CUPRAC assay. The reaction was started by mixing of 1.0 mL CuCl, x 2H,0, 1.0 ml
7.5 mM Neocuproine (Sigma) in methanol, 1.0 mL 0.1 M ammonium acetate buffer (pH 7.0),
0.1 mL of investigated extract and 1.0 mL d. H>O. Blank sample was prepared with methanol.
The reaction time was 20 min at 50 °C in darkness. After cooling the absorbance was
measured at 450 nm against blank [30].

Ferric reducing antioxidant power (FRAP) assay. Three mL freshly prepared FRAP
reagent (10 parts 0.3 M acetate buffer (pH 3.6), 1 part 10 mM 2,4,6- tripyridyl-s-triazine
(TPTZ) in 40 mM HCI and 1 part 20 mM FeCl;.6H,O in d. HO) were mixed with 0.1 mL of
investigated extract [31]. The reaction time was 10 min at 37 °C in darkness and the
absorbance was measured at 593 nm against blank prepared with methanol [30].

DPPH radical-scavenging ability. Each extract (0.15 mL) was mixed with 2.85 mL
freshly prepared 0.1mM solution of DPPH (2,2-diphenyl-1-picryl hydrazyl radical) in
methanol. The sample was incubated for 15 min at 37 °C in darkness. The reduction of
absorbance at 517 nm was measured by spectrophotometer in comparison to the blank
containing methanol [32].

The results from all methods for antioxidant activity were expressed as mM Trolox®
equivalents (TE) per 100 g dry weight (dw).

Statistical analysis

All experiments were performed in triplicate and the results were expressed as mean =+
SD (standard deviation).Statistical analysis was performed using and Excel 2010.
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Results and discussion

The total phenolic content of wheat flour, medicinal plants, herbal mixtures, herbal-
flour mixtures and prepared breads were summerized in Table 1.

Polyphenols are compounds known to possess the ability to capture free radicals and
inhibit lipid oxidation in vitro [33].

Table 1
Total phenolic content in herbs, herbal mixtures, herbal-flour mixtures
and herb bread
Total phenolic
Sample content,

mg GAE/g dw
Wheat flour Type 1150 -
Thyme 12.05+0.20
Oregano 30.43+0.20
Lemon balm 15.05+0.20
Fenugreek 12.3440.05
Herbal mixture 1 (thyme, oregano and lemon balm) 19.18+0.05
Herbal mixture 2 (thyme, oregano, lemon balm and fenugreek) 17.47+0.07
Herbal-flour mixture 1 0.31+0.05
Herbal-flour mixture 2 0.36+0.05
Bread prepared with Herbal-flour mixture 1 0.32+0.02
Bread prepared with Herbal-flour mixture 2 0.37+0.05

The highest value of total phenolic content was found in oregano — 30.43 mg GAE/g
dw, followed by Lemon balm — 15,05 mg GAE/g dw. The total polyphenol content (TPC) in
lemon balm was close to reported values in previous research (18.17+0.04 mg GAE/g dw)
mg GAE/g dw [18]. The content of total phenolic compounds in oregano was two time more
in comparision with these ones in thyme, lemon balm and fenugreek. Among thyme, lemon
and fenugreek herbs, no signifiant differences in the content of common phenolic substances
were observed. In this study, the obtained values for the total phenolic content in thyme and
fenugreek were close to a previous report for some trademarks of these herbs commercially
available in Bulgaria — from 16 to 24 mg GAE/g dw [22].

The values for the total phenolic substances content in herbal mixtures 1 and 2 were in
the range of 19.18 mg GAE/g dw for herbal mixture of 3 herbs and 17.47 mg GAE/g dw for
the herbal mixture of 4 herbs, as the difference was negligible and due to the involvement of
fenugreek in the mixture having a lower content of common phenolic substances — 12.34 mg
GAE/g dw in the comparison with oregano and lemon balm.

The values for the content of common phenolic substances in herbal-flour mixture 1
and 2 and in the breads produced from them were in very close range —a total of 0.31 to 0.37
mg GAE/g dw. Compared to individual herbs and herbal mixtures, these values were
significantly lower, due to the presence of flour in herbal mixtures, respectively in bread.
Moreover, wheat flour present as the main raw material in the largest content. From the
results presented, it can be seen that the produced breads have a higher content of polyphenols
than the mixes used. Zmijewski et al. (2015) found the same [34].
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Different methods were applied for the evaluation of antioxidant activities of herbs,
herbal mixtures, herbal-flour mixtures and prepared breads. The results from antioxidant
activity were presented (Figure 1, 2 and 3) evaluated by four methods, based on different
mechanism (DPPH, ABTS, FRAP and CuPRAC).
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Figure 3. Antioxidant activity of herb breads

The bread production process can be divided into three leavening operations: mixing
and forming the dough; fermentation; and backing. The duration of backing depends mainly
on the type and mass of the bread. It has been established that the antioxidant potential of
bakery products depends on the conditions of production and the raw materials used [35].

In their research, Han and Koh (2011) show that antioxidant activity and free phenolic
acid content decrease when the raw materials are mixed and the dough is mixed, but they are
restored after the fermentation and backing processes. This is explained by the fact that
antioxidant linkages are hydrolysed during fermentation and antioxidants are released [36].

The highest antioxidant activity of herbal mixtures, herbal-flour mixtures and breads
were obtained by two of the used methods - ABTS (the radical-scavanging activity against
the ABTS radical - 2,2'-azino-bis) -ethylbenzothiazoline-6-sulfonic acid) and FRAP assay.
The highest antioxidant potential was demonstrated by herbal mixture 1 consisted of 3 herbs
- 16829.73 mM TE/100 g dw, followed by the herbal mixture 2 with 4 herbs - 14693.75 mM
TE/100 g dw, respectively, both evaluated by the ABTS method. For the FRAP method, the
antioxidant activity values were - 15997.65 mM TE/100 g dw for the herbal mixture 1 with
3 herbs and 14136.82 mM TE/100 g dw for the herbal mixture 2 of 4 herbs. High values of
the antioxidant activity of herbal mixtures, herbal-flour mixtures and of breads were also
reported in the CuPRAC method (reduction of copper ions). The lowest in the DPPH method
(theradical capture activity against the DPPH radical - 2,2-difenyl- 1-picryl hydrazyl radical).

In herbal-flour mixtures and breads, the highest antioxidant activities were also evaluted
by the ABTS and FRAP methods, followed by the CuPRAC method, as the insignificant
differences in the different types of herbal mixtures and the breads were observed. Compared
to herbal mixtures, the herbal-flour mixtures and breads demonstrated 5 times lower
antioxidant activity, due to the high content of the wheat flour in herbal-flour mixtures and
breads which it is the main raw material. The breads prepared with 3 herbs demonstrated
slightly higher antioxidant potential compared to 4 herbal breads.
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Higher values obtained from the ABTS method (conducted at neutral pH where the
main mechanism is HAT) suggest that the antioxidant action of herbal mixtures is based
mainly on hydrogen transfer [37]. The ability of herbs to neutralize reactive forms of oxygen
through the involvement of various reaction mechanisms underlines its potential in the
prevention of important diseases related with oxidative stress such as accelerated aging
processes.

Some authors discussed that the heat treatment and baking process might damage or
degrade the antioxidant compounds antioxidant activity that presented in different flours. The
antioxidant potential in bakery products is strongly dependent on manufacturing, recipes
dough mixing and kneading. Antioxidant activity of breads could be modified by active
oxidative enzymes presented in ingredients of compounds used in breads production, or
oxidized by atmospheric oxygen [38]. Antioxidant activity of flours was higher than in breads
prepared with them (Figure 1 and Figure 3). However, the bread prepared with herbal
mixtures showed good antioxidant activity evaluated by ABTS and FRAP methods (Figure
3). Antioxidant activity of breads evaluated by DPPH method showed lower results that was
in accordance with tendency reported values for wheat and pseudo cereal breads [38, 39].

Many authors [34, 35, 36] are concerned with the enrichment of white bread with
different ingredients containing functional components, but very few have studied the
antioxidant characteristics of enriched bread. Seidel et al. (2007) have studied bread enriched
with functional ingredients - green tea powder, herbs and tomato paste. The effects of bread
produced on immunological and antioxidant parameters were compared with control sample
of white bread.

In conclusion, the responses observed with the FRAP assay after intervention with
enriched bread indicate a unique response in terms of the antioxidative potentials for this type
of functional food [40].

The correlation between antioxidant activity of herbal-flour mixtures and prepared
breads and addition of herbal mixtures with three and four herbs to the wheat flour was
demonstrated (Table 2).

Table 2
Correlation coefficient (r?) between antioxidant activities of herbal-flour mixtures and
breads prepared with herbal-flour mixtures

Sample Correlation coefficient (r?)
Herbal-flour mixture 1 (with three herbs) 0.7499
Herbal-flour mixture 2 (with four herbs) 0.8071
Breads prepared with herbal-flour mixture 1 0.8067
Breads prepared with herbal-flour mixture 2 0.8186

There were significant positive correlations ranging from 0.7499 to 0.8186, which
shows the significant influence of added herbal mixtures to basic wheat flour on the
antioxidant activity of herbal-flour mixtures and bread made from them. Reported positive
correlations showed that the antioxidant action of herbal-flour mixtures and bread could be
regarded as a result of the addition of the herbal mixture to flour and enriching their effect
on phenolic compounds.
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Conclusion

It was found that herbs added to flours increased the total phenolics and antioxidant

values of flour-mixtures and final breads. Herbal mixtures, herbal-flour mixtures and
prepared breads demonstrated high antioxidant activity by radical-scavanging method ABTS
and FRAP assay bease on reduction of ferric ions. The addition of herbs to the flours and
breads improved the antioxidant activity of final wheat products. Therefore, the incorparation
of herbal mixtures in breads enriched wheat breads of polyphenols and antioxidants, as
improve the aroma, taste and healthy status of breads.
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Introduction. In this study, based on the high potential of
electrocoagulation in the removal of suspended matter and also due
to high energy consumption in traditional treatment, the potential of
EC was modeled by artificial neural network on purification of raw
beet syrup.

Material and Methods. The potential of neural network in
prediction of turbidity, color and purity of raw beet juice was
investigated with different parameters as voltage (5, 10 and 15
volts) pH (6, 7 and 8) and time (regular time intervals from 1 to 60
min) during electrocoagulation process. ANN modeling was carried
out by Neurosolution software v6 to determine the best type of
transport function, learning rule, and determination of applied
percentages for training, validation and testing stages based on their
mean square errors, mean square normalized errors, mean absolute
errors and correlation coefficients.

Results and discussion. The best neural network with
maximum correlation coefficient for turbidity and purity obtained
in Levenberg learning law and tangent transfer function which
included 8 and 17 neurons respectively. Also, the best correlation
coefficient and the less mean square error for color modeling related
to a network with one hidden layer and 9 neurons that learned under
levenberge learning law and sigmoid transfer function. Modeling
was carried out with different percentages of data for training,
validation and testing that the best prediction correlation for
turbidity and purity obtained when 55% of the data were used for
training, 40% of them were employed for validation and 5% of the
data were used for testing, whereas the best percentage of learning,
validation and testing for color prediction were 60, 30 and 10,
respectively. The predicted values of models had suitable
correlation with experimental data, so that correlation coefficient
with experimental data of turbidity, color and purity were 0.999,
0.997 and 0.990, respectively. This study also addressed the model
sensitivity to input data. The most model sensitivity of the model
for prediction of turbidity, color and purity was related to voltage.

Conclusion. The model was able to predict the turbidity, color
and purity of the syrup under various operating conditions, as the
modeling data showed a high correlation with the experimental
data.
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Introduction

In electrocoagulation process, suspended particles, emulsions or dissolved pollutants in
an aqueous medium are destabilized by electrical current. Electrocoagulation process is used
to purify a wide range of water and wastewater systems, remove minerals, pollutants and
pathogens (Emamjomeh, 2009). The principle of electrocoagulation process is oxidation of
anodes and the production of Fe*? and Al"? ions. In the process, metal ions are combined
with electrolysis of hydroxyl ions around the cathode and produce metal hydroxides which
cause the volatility of the pollutants and the creation of suspended particles or so-called
Flock. The formed flocks can be floated on the liquid surface based on density differences or
with the help of hydrogen bubbles generated in the cathode, or removed by settling
(Chaturvedi, 2013). In general, the mechanism of removal of impurities in the EC process
involves coagulation, surface absorption, settling and floating that occurred by the following
reactions on the electrodes as follows:

The reactions around anode:Al = A" + 3¢’

The reaction around cathode:3H,0 + 3¢ = 3/2H, + 30H"

Create Aluminum flocks: Al + 30H" = Al (OH) 3

The produced ions as AI*" and OH- during the above reactions are formed in the
monomers such as Al(OH)?>*, AI(OH)**, AL,(OH),*" and AI(OH)* or polymers such as
AIG(OH)153+, A17(OH)174+, Alg(OH)zo‘H, A113O4(OH)2474r and A113(OH)345+, which eventually
converted to AI(OH)s and precipitated (Kobya, 2003). Because of the insolubility of iron or
aluminum hydroxides in water, the low price and availability of these two metals compared
to other metals with similar properties, these are used as electrodes in the EC process (Parga,
2005). In addition, can be mentioned to the other benefits of this method such as the use of
simple equipment, low initial investment and operating cost, without the need of chemicals,
low sludge production, larger flocks production, stable and acid resistant flocks, faster
filtration, removal of small colloidal particles and less need for repair and maintenance
(Chen, 2004; Myousuf, 2001; Malakootian, 2009).

One of the studies that have been done in this area is the investigation of Shivayogimat
et al (2013) who used electrocoagulation process to refine sugar industry wastewater. The
results of these researchers showed that the EC process using by iron electrodes could be
used as an economical process to replace the traditional process of sugar refinery wastewater
treatment. Zoe et al. also used the electrocoagulation method to recover the beneficial
compounds from the sewage treatment of egg processing units. The results of this study
showed that electrocoagulation can be used successfully for the treatment of egg wastewater
and recycle valuable compounds such as high protein digestible protein and fat. Furthermore,
Bazrafshan et al. concluded that electrocoagulation is a suitable method for the removal of
BOD, COD and other contaminants for the treatment of dairy wastewater. Azizi et al (2016)
during purification of raw sugar beet juice using by EC process reached to better value of
turbidity and purity in refined juice, but they associated the slightly increasing in color to the
floatation. On the other hand, modeling can play an important role in predicting system
performance, determination the impact of operational variables and design processes. Neural
networks are capable of modeling nonlinear and complex systems with a large number of
input and output data (Delgerange, 1998). The artificial neural network system is inspired by
the brain and the neural network system of the human and the same of human brain is
composed of a large number of neurons that like the human brain have ability to learning. In
cases where there is a large amount of input and output information for a system and we want
to provide a model for that system or when we want to obtain a structure from the available
information, the use of artificial neural networks can be useful. So far, for neural networks,
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various applications have been introduced with a wide range of topics (Menhaj, 2000).
Therefore, researchers have shown special interest in modeling of separation processes in
various industries. For example, Maskioula et al. due to membrane fouling in the
ultrafiltration process in emulsion solutions introduced an experimental model for predicting
the cake layer created with suitable correlation coefficient with experimental data. In 2011,
Shahidi and colleagues examined the potential of nanofiltration treatment in sugar beet pulp
press water, and then modeling this process with a neural network.

Therefore, in this study, based on the high efficiency of electrocoagulation in the
removal of suspended matter and also due to reduce environmental problems and high energy
consumption in traditional treatment of sugar beet syrup, the potential of this process was
modeled on purification of raw beet syrup by artificial neural network to predict the refining
properties of raw sugar beet juice that will process at another operational parameter.

Materials and methods

EC process

The data of this study were empirically and on a laboratory scale from a batch pilot.
Raw sugar beet juice was produced from Chenaran sugar factory. The electrocoagulation
pilot was consisted of a 5-liter reservoir. Also three electrodes made of aluminum as anode
and three electrodes of iron as a cathode with a distance of 0.05 m and with a side area of
0.01875 m2 for each electrode and single-pole mode connected to an electrical power
supplied (figurel). Independent variables were considered as inputs of the neural network at
three levels of voltage (5, 10 and 15 volts), three pH levels (6, 7 and 8) and six equal time
intervals of 1 to 60 minutes. Turbidity, color and purity of syrup were tested as dependent
variables or network outputs (Azizi, 2017).

Assays

Color measurement

Measurement of syrup color after reading its absorbance at 420 nm was calculated by
the UNICO 2100 model spectrophotometer and according to the ICUMSA standard on the
basis of equation 1(ICUMSA, GS 9/1/2/3-8, 2011).

Color (ICUMSA) =105 A/(L x RDS X p) (1)

where A is absorption, L is the length of cell, RDS is the refractometer dry solids and p is
density.

Turbidity
Syrup turbidity with turbidometer model AL450T-IR based on NTU unit was directly
obtained.

Purity

In order to calculate the purity, after obtaining pol (sucrose percentage) with
Saccharometer (Model, NIR W2) and its Brix with NAR-1T model refractometer based on
equation 2 (ICUMSA, GS 1/2/3/9-1, 2011).

Purity = 2~ x 100 )
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Artificial neural network modeling

The modeling based on neural network was carried out using the Nerosolution software
version 6. In order to evaluate different networks, data were randomly divided into three
parts, so that different percentage of data for training, validation and testing of network were
selected. During the training process, artificial neural networks were learnt with the data until
the best of relationship between neurons in each training cycle are found so that the predicted
values approach the desired output values and the error values obtained at the least. To find
a suitable architecture, the Mean Error Square (MSE), Mean Absolute Error (MAE) and
Correlation Coefficient (R?) were considered (Razavi, 2003). First, the total of the data (54)
was completely randomized, and then the network structure with a hidden layer and the
number of different neurons was studied under the Lavenberg and Momentum learning law
and the two tangent and sigmoid transfer functions. Also, the best percentage of data was
determined for training, validation and testing of this network. Finally, the sensitivity of
changes in purity, hardness and percentage of non-sugar compounds rejection as well as
temperature, time and pressure were evaluated. For estimating the model, the correlation
coefficient between predicted and experimental data was also calculated (Shahidi, 2012).

Results and discussion

To find the best configuration of the artificial neural network, different networks with
the number of neurons 2 to 20 were designed, according to tables 1 to 3, the mean squares of
errors, the mean square of the normalized error, the mean absolute error, and the correlation
coefficient of each neuron separately in the learning laws mentioned with various functions
was studied. In the following, the best percentage of data used for network training, validation
and testing with the least error and the highest correlation coefficient was investigated. As
shown in Table 1, the best neural network for turbidity variations was obtained based on the
lowest error and the highest correlation coefficient with a hidden layer in the Levenberg
learning law and with the tangent transfer function in Neuron 8.

Also for color variations, the network with the number of neurons 9 under the
Levenberg learning law and the tangent transfer function showed the highest correlation
coefficient and the lowest error (Table 2).

According to Table 3, the best artificial neural network structure was developed for
purity of refined syrup changes in the number of neurons 17 and the Levenberge learning law
and the Tangent transfer function.

Table 4 compares the best structure of artificial neural network based on the highest
correlation coefficient and the lowest error under the two laws of learning Levenberg and
Momentom, as well as the tangent and sigmoid transfer functions for the changes in the
turbidity, color and purity of raw syrup treated by electrocoagulation.

Hakimzadeh et al. (2017) obtained the best result to predict the properties of permeate
flow as refined syrup at range of 2-20 neuron under levenberg and momentum learning law
during modeling of microfiltration process of raw sugar beet juice by neural network.
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Table 1
Different architectures of ANN with different neurons number under the Levenberg learning law
and two transfer functions to predict the turbidity of refined raw sugar beet juice by EC process

Turbidity Levenberg
No of Sigmoid Tangent
neurons | MSE | NMSE | MAE R MSE | NMSE | MAE R
2 3.386 0.634 1.578 0.628 1.267 0.237 0.951 0.948

3 3.467 0.649 1.546 0.615 1.039 0.194 0.811 0.945
4 0.310 0.058 0.462 0.947 0.965 0.181 0.829 0.965
5 4.230 0.793 1.216 0.727 0.867 0.162 0.766 0.940
6 1.733 0.324 0.894 0.830 1.727 0.323 1.080 0.854
7
8
9

0.144 0.027 0.275 0.987 0.820 0.153 0.807 0.935
3.596 0.674 1.709 0.924 0.177 0.033 0.327 0.989
0.231 0.043 0.395 0.981 0.297 0.055 0.418 0.977

10 1.485 0.278 0.847 0.858 1.362 0.255 0.964 0.929
11 2.458 0.460 1.381 0.895 1.895 0.355 1.128 0.922
12 1.135 0.212 0.825 0.947 0.649 0.121 0.639 0.946
13 0.892 0.167 0.861 0.957 0.836 0.156 0.719 0.956
14 4.828 0.905 1.736 0.917 1.065 0.199 0.771 0.959
15 0.486 0.091 0.480 0.962 0.491 0.092 0.592 0.966
16 3.598 0.647 1.606 0.784 0.188 0.035 0.326 0.982
17 0.207 0.038 0.353 0.984 0.274 0.051 0.405 0.974
18 0.945 0.177 0.779 0.949 0.261 0.049 0.434 0.986
19 5.590 1.047 1.928 0.336 0.444 0.083 0.547 0.978
20 5.545 1.039 2.054 0.787 4.760 0.892 1.543 0.654
Table 2

Different architectures of ANN with different neurons number under the Levenberg learning
law and two transfer functions to predict the color of raw sugar beet juice by EC process

Color Levenberg

No of Sigmoid Tanh

neurons MSE NMSE | MAE R MSE NMSE | MAE R
2 386701.6 0.642 | 600.833 | 0.641 | 539031.71 0.896 | 671.55 | 0.414

3 481401.7 0.800 | 677.616 | 0.518 | 837038.36 1.391 798.94 | 0.247
4 1529648.7 2.543 1034.30 | 0.489 | 494674.09 0.822 | 646.51 | 0.588
5 728191.02 1.210 | 640.182 | 0.568 | 439126.5 0.730 | 560.42 | 0.565
6 293851.45 0.488 | 416.781 | 0.786 | 792885.19 1.318 | 75442 | 0.723
7
8
9

103790.12 0.172 184.883 | 0.935 | 941667.79 1.565 | 684.78 | 0.637
1170664.6 1.946 | 901.680 | 0.636 | 159732.29 0.265 | 299.67 | 0.914
68162.75 0.113 | 198.121 | 0.946 | 1427743 0.237 | 288.32 | 0.888
10 1051676.8 1.748 | 873.264 | 0.483 | 318157.8 0.529 | 49241 | 0.716
11 1476475.8 2454 | 1028.44 | 0.503 | 525539.87 0.873 | 607.50 | 0.504
12 772007.309 | 1.283 | 721.465 | 0.674 | 400089.82 0.665 | 444.60 | 0.817
13 374009.843 | 0.621 526.942 | 0.898 | 675619.29 1.123 | 691.05 | 0.778

14 711061.9 1.182 | 736.124 | 0.526 | 737711.02 1.226 | 800.39 | 0.411
15 412772.328 | 0.686 | 499.186 | 0.762 | 468735.99 0.779 | 584.80 | 0.700
16 1206713.9 2.006 | 861.404 | 0.458 | 116272.43 0.193 | 210.91 | 0.929
17 111442.18 0.185 | 241.737 | 0.937 | 137922.04 0.229 | 275.75 | 0.911

18 1018876.13 | 1.694 | 840.285 | 0.695 | 394542.395 | 0.656 | 509.35 | 0.800
19 971547.29 1.615 | 882.676 | 0.831 | 197761.07 0.328 | 355.38 | 0.904
20 1195237.1 1.987 | 925.999 | 0.593 | 1141003.26 | 1.897 | 882.00 | 0.521
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Table 3

Different architectures of ANN with different neurons number under the Levenberg learning
law and two transfer functions to predict the purity of refined raw sugar beet juice
by EC process

Purity Levenberg
No of Sigmoid Tanh
neurons | MSE | NMSE | MAE r MSE | NMSE | MAE R
2 0.038 | 0.203 0.141 | 0.893 | 0.070 0.377 0.212 | 0.813
3 0.069 | 0.370 0.224 | 0.802 | 0.083 0.448 0.235 | 0.791
4 0.095 | 0.511 0.243 | 0.753 | 0.073 0.390 0.221 | 0.858
5 0.227 | 1.216 0.312 | 0.540 | 0.076 0.408 0.233 | 0.777
6 0.131 | 0.701 0.313 | 0.765 | 0.144 | 0.772 0.328 | 0.690
7 0.049 | 0.263 0.163 | 0.879 | 0.330 1.764 0.454 | 0.427
8 0.216 | 1.157 0.382 | 0.364 | 0.090 0.484 0.231 | 0.796
9 0.044 | 0.236 0.148 | 0.900 | 0.038 0.207 0.145 | 0.902
10 0.145 | 0.774 0.276 | 0.658 | 0.136 0.726 0.297 | 0.670
11 0.162 | 0.868 0.302 | 0.616 | 0.039 0.208 0.151 | 0.895
12 0.090 | 0.485 0.214 | 0.832 | 0.111 0.594 0.248 | 0.780
13 0.056 | 0.300 0.168 | 0.856 | 0.049 0.263 0.164 | 0.923
14 0.120 | 0.640 0.288 | 0.643 | 0.136 0.727 0.298 | 0.827
15 0.096 | 0.515 0.263 | 0.724 | 0.073 0.389 0.240 | 0.855
16 0.411 | 2.193 0.526 | 0.633 | 0.068 0.366 0.168 | 0.845
17 0.069 | 0.370 0.224 | 0.861 | 0.030 0.164 0.130 | 0.930
18 0.068 | 0.367 0.217 | 0.841 | 0.126 0.673 0.256 | 0.737
19 0.159 | 0.853 0.342 | 0.843 | 0.063 0.338 0.173 | 0.877
20 0.147 | 0.787 0.309 | 0.525 | 0.350 1.867 0.491 | 0.586
Table 4

Comparison of two learning rules used for selection of the best ANN architectures to predict the
Turbidity, Color and Purity in refined raw sugar beet juice by EC process

Levenberg
Parameter Number of Trans‘fer MSE NMSE | MAE "
neuron function
Turbidity 8 Tangent 0.177 0.033 0.327 | 0.986
Color 9 sigmoid 68162.750 | 0.113 | 198.121 | 0.946
Purity 17 Tangent 0.030 0.164 0.130 | 0.930
Momentum
Turbidity 18 Tangent 0.701 0.131 0.682 | 0.983
Color 7 sigmoid 693058.41 | 1.152 | 635.673 | 0.668
Purity 5 Tangent 0.068 0.367 0.219 | 0.830
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Also, in ANN modeling of the turbidity, color and purity of refined syrup by
electrocoagulation process different percentages of data for training, evaluation and testing
was investigated. To this end, firstly, the most suitable data for training was selected
according to the best correlation coefficient. Then, based on the best training percentage, the
best percentages of data for validation and testing were also determinate (Tables 5 to 7).

TableS

Best percentages of data used for training, validation and testing of selected ANN architectures
to model the turbidity of refined raw sugar beet juice by EC process

Training | Validation Testing

Data (%) | Data (%) | Data (%) MSE NMSE | MAE R
55 5 40 0.362 0.063 0.507 0.978
55 10 35 0.548 0.104 0.514 0.949
55 15 30 0.276 0.048 0.460 0.981
55 20 25 0.320 0.062 0.458 0.974
55 25 20 1.450 0.252 0.835 0.890
55 30 15 0.092 0.017 0.236 0.997
55 35 10 0.023 0.006 0.137 0.998
55 40 5 0.017 0.004 0.109 0.999

Table6
Best percentages of data used for training, validation and testing of selected ANN
architectures to model the color of refined raw sugar beet juice by EC process

Training | Validation Testing

Data (%) | Data (%) | Data (%) MSE NMSE |  MAE R
60 5 35 501238.39 0.556 502.473 0.775
60 10 30 38912.695 0.047 149.673 0.982
60 15 25 20725.932 0.027 120.483 0.988
60 20 20 32706.608 0.065 139.694 0.975
60 25 15 60699.965 0.124 210.322 0.962
60 30 10 84462.280 0.154 216.560 0.998
60 35 5 56360.277 0.105 170.445 0.993

Table7

Best percentages of data used for training, validation and testing of selected ANN architectures
to model the purity of refined raw sugar beet juice by EC process

Training | Validation | Testing

Data (%) | Data (%) | Data (%) | MSE NMSE MAE R
55 5 45 0.062 0.309 0.198 0.873
55 10 35 0.008 0.036 0.075 0.983
55 15 30 0.015 0.068 0.095 0.974
55 20 25 0.044 0.197 0.155 0.907
55 25 20 0.036 0.182 0.168 0.924
55 30 15 0.021 0.121 0.131 0.942
55 35 10 0.014 0.053 0.116 0.992
55 40 5 0.024 0.209 0.141 0.994
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Usually an effectiveness model to predict the reliable data need sufficient data for good
learning that has to be over 50 percent of whole data. In other world when learning a model
to get done right, the predicted values will be valuable (Jaganathan, 2017)

Investigating of neural network potential to predict data

Figure 1 shows the correlation graph of laboratory values with predicted values by the
model. Accordingly, models obtained from artificial neural network to predict turbidity, color
and purity were able to correlate with appropriate coefficients of 0.998, 0.996 and 0.990,
respectively.
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Figure 1. Correlation between experimental data and predicted values
Determine the sensitivity of the model to the input data
In this study, the susceptibility of the models to the operational variables, i.e., input

data, was evaluated. According to Figure 2, the most sensitivity of model was to predict the
turbidity, color and purity of the refined syrup with voltage electrocoagulation.
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Figure 2. Models’ sensitivity to prediction of turbidity, color and purity

Model’s sensitivity to prediction of turbidity, color and purity due to voltage is so
obvious. Because increasing of the voltage led to accelerate of anode and cathode reaction
and consequently formation of flock (Ghanbari, 2013; Chaturvedi, 2013). So, with more flock
forming, more impurities are absorbed on flocks and the turbidity, color and purity are
improved. Shahidi et al (2011) reported the temperature as the best sensitive parameter to
flux prediction during modeling of nanofiltration of sugar beet press water by artificial neural
network. In membrane process increasing of temperature expand the pores diameter of
membrane and the permeate flux is increased.

Conclusion

The results of electrocoagulation process modeling in purification of raw sugar beet
syrup showed that the best learning law for network training to predict the Turbidity, color
and purity was Levenberg law. So that the best transfer function for network design with the
best prediction of the turbidity and purity value was the tangent and for prediction of color
was sigmoid. The best percentage of data for learning, validation and testing of the model
was obtained by predicting the turbidity and purity of the refined syrup by electrocoagulation,
respectively, 55, 40 and 5, while for color 60, 30 and 10% were determined. In general, the
model was able to predict the turbidity, color and purity of the syrup under various operating
conditions, as the modeling data showed a high correlation with the experimental data (Table
8)

Table 8
Summarized result of modeling of turbidity, color and purity changes in purification of raw
beet juice by EC process

Dependent | Hidden Number Transfer | Learning Percent'a ge of Correlation
. of . learning/ .
variable layer function rule ca coefficient

neuron validation/test
Turbidity 1 8 Tangent | Levenberge 55/40/5 1
Color 1 9 Sigmoid | Levenberge 60/30/10 1
Purity 1 17 Tangent | Levenberge 55/40/5 1

690

—— Ukrainian Food Journal. 2018. Volume 7. Issue 4




10.

11.
12.
13.

14.

15.

16.

17.

Food Technology ——
References

Azizi H., Hakimzadeh V., Golestani H. (2016), Purification of Raw Sugar Beet Juice by
Electrocoagulation, Ukrainian Food Journal, 5(4), pp. 667-677.

Bazrafshan E., Moein H., Kordmostafapour F., Nakhaie S. (2013), Application of
Electrocoagulation Process for Dairy Wastewater Treatment, Journal of Chmistry, 64013, pp. 1—
8

Chaturvedi S.1. (2013), Electrocoagulation: A Novel Wastewater Treatment Method, 1. J. Modern
Engineering Research, 3, 93—100.

Chen G. 2004), Electrochemical technologies in wastewater treatment, Separation Purification
Technology, 38, pp. 11-41.

Delgrange N., Cabassud C., Cabassud M., Durand-Bourlier L., Lain J.M. (1998), Neural network
for prediction of ultrafiltration transmembrane pressure application to drink water, Journal of
Membrane Science, 150, pp. 111-123.

Emamjomeh M., Sivakumar M. (2009), Review of pollutants removed by electrocoagulation and
electrocoagulation/flotation processes, Journal of Environmental Management, 90, 1663—1679.
Ghanbari F., Mazaheri A., Mehdipoor F., Mir Shafian S., Moradi M., Sharifi Maleksari H. (2013),
Investigation of the effect of the electrocoagulation on the removal of colour from coloured
sewage by using aluminium/iron and aluminium/copper electrodes, Journal of Sabzevar
University of Medical Sciences, 20(5), pp. 716-725.

Jaganathan A., Kumar S.M. (2017), Artificial Neural Network Analysis in Food Science,
International Research Journal of Engineering and Technology, 4(1), pp. 746-751.

Kobya M., Can O.T., Bayramoglu M. (2003), Treatment of textile wastewaters by
electrocoagulation using iron and aluminum electrodes, J. Hazardous Material, 100, pp. 163—
178.

Malakootian M., Yousefi N. (2009), The Efficiency of EC Process Using Aluminum Electrodes
in Removal of Hardness from water, Iran. J. Environ. Health. Sci. Eng., 6(2), pp. 131-136.
Menhaj M.B. (2000), Fundamental of neural networks, Computational illteligence, 1.

Myousuf A.M., Schennach R., Parga J.R., Cocke, D.L. (2001), Electrocoagulation (EC) Science
and applications, Hazardous Materials, 84, pp. 29-41.

Parga J.R., Cocke D.L., Valenzuela J.L., Gomes J.A., Kesmez M., Irwin G., Moreno H., Weir M.
(2005), Arsenic removal via Electrocoagulation from heavy metal contaminated groundwater in
La Comarca Lagunera Mexico, Journal of Hazardous Material, 124(1-3), pp. 247-5.

Razavi S.M.A., Mousavi S.M., Mortazavi S.A. (2003), Dynamic prediction of milk ultrafiltration
performance: a neural network approach, Chem. Eng. Sci., 58, pp. 4185-4195.

Shahidi Noghabi M., Razavi S.M.A, Mousavi S.M. (2012), Prediction of permeate flux and ionic
compounds rejection of sugar beet press water nanofiltration using artificial neural networks,
Desalination and Water Treatment, 44, 1-3, pp. 83-91.

Shivayogimath C.B., Jahagirdar R. (2013), Treatment of Sugar Industry Wastewater Using
Electrocoagulation Technique, International Journal of Research in Engineering and
Technology, pp. 262-265.

Xu L.J., Sheldon B.W., Larick D.K., Carawan R.E. (2002), Recovery and Utilization of Useful
By-products from Egg Processing Wastewater by Electrocoagulation, Poultry science, 81(6), pp.
785-792.

—— Ukrainian Food Journal. 2018. Volume 7. Issue 4

691



Food Technology ——

Development of methods of production in natural
aromatic production

Natalia Frolova, Anatoly Ukrayinets

National University of Food Technologies, Kyiv, Ukraine

Keywords:

Aromatic
Essential

Oils

Natural
Chromatography

Abstract

Article history:

Received
02.07.2018
Received in revised
form 21.09.2018
Accepted
27.12.2018

Corresponding
author:

Natalia Frolova
E-mail:
frolovan809@
gmail.com

DOI:
10.24263/2304-
974X-2018-7-4-13

Introduction. The analytical and experimental researches on
methods of natural aroma sources separation with obtaining
individual flavoring substances were conducted. Advantages of
fractional distillation and preparative chromatography were
demonstrated.

Materials and methods. The essential oils of Moldavian
dragonhead and lemon, the model matrix (a blender of terpene
hydrocarbons and their oxigen-containing derivants of both known
and unknown composition) were studied. The methodologies of gas
chromatographic analysis were used. The separate fractions of
aimed aromatic components were obtained using preparative
chromatography.

Results and discussion. The vacuum separation of essential
oils into fractions under the set control regimes of temperature of
the still and knob,°C, respectively on the levels: the first fraction —
67-69, 18-24; the second fraction — 112-118, 25-30; the third
fraction — 130-135, 32-39; pressure value, kPa for fractions: the
first — 0,92, the second — 0,62, the third — 0,33; reflux ratio for
fractions: the first — 7:1, the second — 10:1, the third — 5:1 allows
obtain fractions of different aroma, that significantly widens
assortment of natural sources of aroma. Besides, with fractional
distillation deterpenization is conducted; using it out of an essential
oil the components, that discernibly worsen organoleptic properties,
are separated. The deterpenization regime of lemon essential oil —
temperature of the still and knob,°C, respectively 67-70, 17-19;
pressure —2,64 kPa, reflux ratio — 1:3.

In order to extract essential oils preparative chromatography
with development of the special column was used; a solid carrier
Chromosomorb A and a stationary phase PEG-6000 were selected.
The terms of preparative separation on a column filled with with a
stationary phase,

In order to extract essential oils fractions in the individual mode
by the method od of preparative chromatography, a special column
with a number of plates 600 was developed, which makes it possible
to simulate the fractionation process on the razor column of a
rectification unit. During the research, a solid carrier,

The effective regimes of the process were established
experimentally: the carrier gas flow rate, sm*/min — 85-90;sample
value — 0,8-1,0 cM®, temperature value,’C: evaporator — 180-250,
column thermostat — 120-200, detector — 220-250, fraction
collector — 180-250.

Conclusion. The vacuum fractioning of essential oils allows
obtaining separate fractions of different aroma. Further preparative
separation of fractions provides obtaining individual flavoring
substances of pure composition.
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Introduction

In nature individual substances are found mainly in mixtures. The effectiveness of the
separation of complex mixtures is important, both in industrial production and in scientific
research of a preparative and analytical nature.

The separation process (operation) allows to receive from an original mixture of
components several fractions of components with a new quantitative composition, and often,
and other qualitative characteristics. Within certain tasks separation of the mixture leads to a
receipt of individual components in their pure form.

Analysis of recent researchs and publications

By the nature of the process used, the operations of crystallization, freezing,
forerunning, evaporation, distillation, rectification, relate to physical methods based on phase
transitions over temperature changes. Difference in mass, concentration, abundance,
viscosity, size, shape, polarity, charge and what is more way of conduct in fields and
environments of different nature are also used.

These are processes of extraction, filtration, gel filtration, sedimentation, centrifugation,
flotation, screening, electro dialysis. To this category may be attributed separation in liquids
of different polarity, density, magnetic separation and others.

Usually, a difference in aggregate state allows separation mixtures into fractions.
Enrichment of a fraction with a target component happens on differences in concentrations
and temperatures, electrical charges or electrolytic dissociation constants (electrophoresis)
with zone refining, different chemical methods [1].

However, majority of classical methods are ineffective for the production of natural or
synthetic substances in pure form necessary for manufacture of numerous health and medical
products. Also, research and test of the healing or therapeutic effect of complex mixtures of
biologically active substances, in particular hydrocarbons, biopolymers, nucleotides,
proteins, peptides, antibiotics, etc. may be conducted only after the mixture is separated into
fractions and the target substances are isolated in their pure form and identified by known
methods of chemistry of pure substances.

The methods of separation that are commonly used to produce biologically active
substances are supercritical CO?-extraction, usage of microwaves, isolation of natural
products by ion-exchange methods, preparative chromatography. A combination of different
methods is often used [2].

In the analysis published by Mc Clements [3], it is stated that in methods for the
processing of aromatic sources described in 234 randomly selected works 78% primarily use
forerunning. In other cases there is extraction. At the same time, in many cases, extraction is
only a preliminary stage after which forerunning is used.

A rectification under high and medium vacuum [4], selective adsorption [5], fractional
extraction and condensation [6], ultrasonic treatment, microwaves treatment [7],
turbohydrolysis distillation [8], steam and water distillation [9] are also common. The
effectiveness of the method of separation, its selectivity increases with the use of multi-stage
processes, such as chromatography. This is due to the high efficiency of the selection of
selective sorbents to separating components of the mixture.

A chromatographic separation of a complex mixture happens as a result of uneven
distribution of components of the mixture between the stationary and moving phases, which
is due to different affinity of separate components to these phases or different ability to
diffuse in these phases. Chromatographic methods are classified according to the principles
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underlying the separation processes. In adsorption chromatography a different adsorption
capacity of even very close by structure substances is used. With the creation and physic and
chemical study of new selective adsorbents, sensitive to the structural or electronic
characteristics of the substances analyzed relevant task [10].

In the group of terpenes and terpenoids which are part of the essential oils there are a
lot of unstable position isomers and optical isomers. Gas chromatography is most often used
for their separation and research. The separation in liquid chromatography is based on
different solubility of components in two mixed liquids. Specific biochemical interactions
allow selectively separate substances in affinity chromatography [4].

Mixture separation by method of chromodislation [11] happens at the expense of
multiple processes of condensation/evaporation of substances on the surface of an inert
sorbent inside the stuffing column (or on the surface of a capillary column without a
stationary phase).

To increase the effectiveness of the process, a negative temperature gradient along the
column (thermal chromodistilation) or injection before the mixture a substance into the
column with volatility higher than the volatility of the lightest component of the mixture
(restrictive chromodislation) may be used.

To the methods of obtaining the individual components of a complex mixture can be
attributed high speed counter current chromatography. This is a versatile dividing method
that does not require usage of a solid fixed phase.

Specific chromatographic methods include the following: ion exclusion, longevity of
ions, electronic exchange or oxidation-reduction chromatography, ligand chromatography,
solubilization chromatography etc [12] .

Nowadays, more and more companies are developing constituents of modern therapies
(including products for gene therapy), based on data from macromolecules and their
allocation and purification are becoming increasingly important. An e xcretion of such
molecules involves usage of chromatographic methods ("biochromatography") [13].

Preparative chromatography is not inferior to the indicated methods and even surpasses
them in obtaining individual substances of high purity. In this case, each of the separated
substances after leaving the chromatographic system gets into a separate receiver [14].

In nutrition products the concentration of substances of interest to the study may be less
than one billionth of a particle, and therefore only extremely small amounts of these
substances are available for analysis even after their selection and concentration [15].

A performance of preparative chromatography when separating a mixture of substances
that determine the taste and aroma is well known. In such cases when the difference in vapor
pressure is small and, as a result, the separation ratios for distillation are small, preparative
chromatography has significant advantages over distillation through the use of highly
selective sorbents [16].

It is difficult to give preference to any of the abovementioned methods. It is necessary
to take into account the nature of the complex mixture, the form of its existence in separate
components, the complexity, accessibility and duration of the division, the ability to combine
with other stages of the process.

Production of food flavors is one of the most dynamic fields of the world food industry.
For today the volume of the flavors market in the EU varies from 6 to 7.8 billion euros,
according to various estimates, and this figure will increase every year [17].

Today's food industry widely uses various flavors. The problem is that the existing food
flavors production in the country is not able to meet the existing demand for such products.
As aresult, the average annual import of flavors in the market is estimated at more than 96%.
Obviously, this can be explained by the lack of domestic innovation, the high cost of foreign
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technology [18].

That is why the innovative activity in the field of production of domestic natural food
aromatics, the development of new technologies, the search for little-known, non-traditional
sources of natural flavor for food production, the formation of fundamentally new ideas for
their effective processing are relevant.

There are two decisive criteria in choosing the method of processing natural sources of
aromatic substances. Firstly, taking into account, that the loss of aromatic substances even in
the smallest quantities leads to a change in product flavor. Secondly, it is the complete
exclusion of chemical or enzymatic adverse reactions that may alter the component
composition.

Materials and methods

Materials

The materials of research is commercial essential oils of cumin and lemon. The model
matrix (a blender of terpene hydrocarbons and their oxigen-containing derivants of both
known and unknown composition) under boiling temperature was divided into separate
factions of flavoring components.

Distillation of essential oils

Essential oils were divided into separate fractions by the target components with
distillation , which were identified as the most valuable carriers of the aroma for a given
nutritional basis.

Gas chromatographic studies of component composition of fractions and aromatic
components

Each stage of the separation of the essential oils was accompanied by gas
chromatographic studies of component composition of fractions and aromatic components
with usage of an analytical column with a medium polar immobile phase dinonylphthalate.

The following devices were used for the research: chromatic mass spectrometer “HP
5890 Series II (Hewlett-Packard, USA), infrared spectrophotometer UR-20, Germany,
spectrophotometer “Specord UV VIS”, Germany, spectrophotometers SF-10, SF -46.

Metrological assessment of gas chromatographic measurements was carried out with
the assistance of the hardware and software complex "Chromoprocessor-5"

Preparative separation of essential oils

Preparative separation of essential oils at boiling temperature was held under such
conditions: the injector temperature — 200 °C, the thermostat columns temperature — 70-200
°C, the detector temperature — 200 °C, carrier gas flow rate — 80—100 cm®/min, sample
volume-— 0,8—1,0 ml, potentiometer chart bar speed — 10 or 20 cm/min, detector-catharometer.
The factions were picked into an absorber, the original design of which allowed to achieve
the maximum degree of enrichment of key components.

Production preparative column

To get fractions of essential oils in the individual mode of preparative distillation, were
developed the basics of separate column with the number of theoretical plates — 400; solid
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carrier - chromosorb A (producer “Johns Manville” (USA) and stationary phase - PMS-100
of “Peaxim™ production were chosen. The following process conditions are set: the injector
temperature — 200 °C, the thermostat columns temperature — 70200 °C, the detector
temperature — 200 °C, carrier gas flow rate — 1,0 cm®/min, hydrogen — 33 cm®/min, air — 330
cm®/min, sample volume — 0,5-0,8 mcl.

Statistical analysis

Data were expressed as meanststandard deviations for triplicate determination.
Differences were considered to be significant at validity of 0=0.95.

Results and discussion

Vacuum separation of essential oils for getting fractions of different flavors

In our country, a number of types of spicy-aromatic raw materials is not wide enough.
For the expansion of the aromatic palette it is proposed to recycle directly essential oils,
complex mixtures of components with their own aroma.

The peculiarity of the classical essential oil production is that fresh essential oil may
not be immediately used, because it does not meet the standard quality. It takes time and
additional operations on which the oil becomes marketable. This increases the material costs.

A viable alternative to the processing of essential oils of different quality is controlled
dispersion into fractions. Since this is a physical process, the resulting fractions are natural
flavors. Also, the components of fast flavor modification are removed on purpose.

According to the classical laws of forerunning, when the complex mixture is heated to
a boil, the components whose elasticity of steam is higher than the others, will first of all go
into the steam phase. Fractional forerunning is essentially the opposite of forerunning.

In fractional forerunning, the processes of evaporation and condensation are repeated
many times, and the distillate becomes the starting material for the next process every time.
As a result, even low-boiling components condense [9].

As a result of fractional forerunning, a number of separated one from another fractions,
boiling in the narrow temperature limits, is formed [19]. Difficulties of fractional forerunning
of aromatic substances natural sources are primarily associated with a number of component
composition, with a wide range of individual boiling temperatures (Tyoit), an ability of
components to chemical modification [20].

According to the classical theories, to the main controlling modes of fractional
forerunning are attributed: an operating temperature and pressure [21], in particular absolute
pressure from 1 to 100 mm Hg on Torr (0,13—13,33 kPa) and Tyoi from 0 to 120°C. When
determining the operating parameters of temperature and pressure of forerunning there comes
a dilemma. Typically, the pressure is chosen such that the temperature of the forerunning
ensures an effective condensation of distillate vapors with the most available refrigerants,
such as water or air. Taking into account the average temperature of flowing cooling water
about 20 °C, the condensation temperature of the components should not exceed 45-50 °C.
Also it is necessary to highlight the decomposition, at high forerunning temperatures, of
essential oils components with the formation of connections of uncontrolled aroma.

At the same time, there are some difficulties concerning lowering the pressure of the
process. First of all, tangible fluctuations of temperature within the limits of 10—15 °C at the
beginning of forerunning, decrease of general speed of mass transfer and, accordingly,
increase of distillation duration are felt. At the same time, the hardware design becomes more
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complicated with a need to use a powerful vacuum system [22]. Also, fractional forerunning
is expedient to carry out in cases of close to Thoi essential oils components. The difference in
Tooil of these components in a vacuum can be much greater than at atmospheric pressure.
According to [23], a significant amount of substances that boil at atmospheric pressure at a
temperature of 250 °C and above with decomposition are dispersed without changing the
composition at a pressure of 1.33 kPa (10 mm Hg) and a temperature of 160-210 °C, or
within the temperature range from 100 to 130 °C at a pressure of 0.00133 kPa (0.01 mm), or
at temperatures from 40 to 60 °C in vacuum.

Data on the dependence of the effective parameters of fractional forerunning is limited.
The table 1 lists the technological map of cumin essential oil dispersal

Table 1
Technological map of cumin essential oil dispersal
Fraction Temperature, °C | Pressure, | Reflux | Content,
still port kPa ratio % mass
Warmup of the column | 50-65 - 2,64 ) -
The first 67-69 18-24 | 0,92 7:1 4,5+0,1
The second 112-118 | 25-30 | 0,62 10:1 40,2+1,2
The third 130-135 | 32-39 | 0,33 5:1 19,7+1,2
Distillation residue - - 0,33 - 32,8+2,0
Losses: | 2,8+0,5

Fixation of losses at the level of 2.8+0.5% is due to incomplete capture of the low
boiling components, loss of "clogging" the column.

Studies have shown that the vacuum separation of essential oils allows getting fractions
of different flavors, which greatly extends the range of natural sources of aroma. Such
technological technique does not destroy natural structural bonds of components of essential
oils, preserves their naturalness and biological ability, being characteristic for natural plant
raw materials.

Modes of lemon essential oil deterpenization

Under established regimes, a fractional dispersion is carried out with a deterpenization
during which components, which are easily oxidized into uncontrolled compounds and
significantly degrade the organoleptic properties are removed from the essential oil (Table
2).

Table 2
Working modes of lemon essential oil deterpenization
Stages of Temperature, °C Pressure, Reflux Content,
deterpenization still port kPa ratio % mass
Column warmup 50-65 14-15 2,64 ) -
Terpene fraction 67-70 17-19 2,64 1:3 30,0-32,0
Oxygenated fraction 84-96 30-36 0,66-0,33 1:14 60,0-62,0
Distillation residue 115-127 | - 0,33 - 4,55+0,5
Losses 2,0-6,0
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A confirmation of the effectiveness of the essential oils separation method was made

by the sensory evaluation of the obtained fractions as independent natural flavors:

— Flavor «Resinous coolness». Flavor composition: fraction 1 cumin dragonhead essential
oil. Appearance: liquid. Aroma: coniferous, with a note of mint.

— Flavor «Citrus». Flavor composition: fraction 2 cumin essential oil. Appearance: liquid.
Aroma: harmonious, resembles the smell of citrus.

— Flavor «Faded rose». Flavor composition: fraction 3 cumin essential oil. Appearance:
liquid. Aroma: tender, of dried rose leaves.

Use of preparative chromatography for the allocation of individual aromatic
substances

Obviously, in various industries, including food industry, there is a shortage of
individual aromatic substances of "pure composition". "Purity" is usually considered by a
degree of minimization of the amount of admixture. For usage of synthetic intermediates
purity is 85-95% is believed to be enough. A level of admixtures in natural products can be
considered sufficient when the concentrations reach 50-75%. The standard substances for
analysis require a purity of 99% and more [24].

The use of preparative chromatography (PG) for the allocation of individual aromatic
substances is motivated by the fact that the preparative selection, due to the versatility of
selective fixed phase selection, significantly exceeds periodic rectification, and the specific
productivity of the preparative collection of pure substances Pp, is fixed within 2 ... 6 g/year,
which correlates with the performance of rectification. Herewith, obtaining "pure" individual
substances (=90 ... 98%) is provided with significantly lower operating expenses. In order
to extract essential oils fractions in the individual mode by the method od of preparative
chromatography, a special column with a number of plates 600 was developed, which makes
it possible to simulate the fractionation process on the razor column of a rectification unit.
During the research, a solid carrier, a stationary phase, and special devices of a preparative
chromatograph have been selected [25].

An effective conductor for preparative column was developed with gradient application
of motionless phase PEG6000 on separate sections of solid support (SS, Hromosorb A). So,
the first portion of PEG6000in amount of 25% has to be applied on the first solid support
section, the second portion in amount of 20% on the second solid support section. The third
solid support section is recommended to be divided into two parts. On the first solid support
part PEG6000 was applied in amount of 17% and on the second part in amount of 15%. Such
a sequence of application of the motionless phase on the solid support provides high
selectivity of PG column and reduction of separation duration [26]. The terms of preparative
separation on a column, established experimentally and are listed in Table 3

Table 3
Terms of preparative excretion and concentration of individual aromatic substances of essential
oils
Indicator Indicator values
Carrier gas flow rate, sm*/min 85-90
Sample value 0,8-1,0 ml
S Evaporator 180-250
Ei Column thermostat 120-200
g O | Fraction collector 180-250
g Dewar flask (—20)— (-15)
&= Detector 220-250
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In researches a special trapper of individual substances, the construction of which
allowed reaching the maximum degree of enrichment of the received fractions was used.

In Table 4 the value of the degree of coincidence of mass-spectras of individual
substances excretioned from essential oils and their library analogues are listed.

Table 4
Degree of coincidence (% purity) mass-spectras of individual substances with the library
analogues
Individual % composition Individual % composition
substances purity substances purity
1- linalool 96,0+0,2 Linalyl acetate 94,0+0,2
o — pinene 98,0+0,1 B-phellandrene 94,0+0,2
B — myrcene 98,0+ 0,1 a-phellandrene 98,0+0,1
n— cymene 96,0+0,2 a. - terpineol 99,0
d- limonene 99,0 d- carvone 99,0

Convergence of values is not less 0,95%.

The conducted identification confirmed receipt of the expected individual substances
from essential oils to 98+0.15% of the composition purity.
In Table 5 the results of sensory analysis of essential oils individual substances are

listed.
Table 5
Individual substances organoleptic indexes
Individual substances Taste Aroma
B-myrcene Bitterish Resinous- citrus
Cineol Refreshing Citrus
1- linalool Bitterish Lavender with a wood tone
n- cymene Pungent Peppermint note
1-,a-phellandrene Pungent Terpene
1-,B-phellandrene Moderately bitterish Mint with a citrus note
d- limonene Moderately bitterish Earthy lemon
d- linalyl acetate Bergamot note
d-,0- terpineol Herbaceous Reminds lilac
1-a- pinene Spicy Needle
d- carvone Pungent Dill note
1- cariofilen Pungent Wood

Received individual substances of pure composition have value as test-standards in
diverse researches, including pharmacokinetic and metabolic researches of impact of natural
sources of aroma on human body’s organs and systems.

Individual substances organoleptic indexes are the information base for technologists
in the development of formulations of flavored products of various industries, while creating
compositions of aromas of stable characteristics.
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Conclusion

In the development of methods of separation in the production of natural flavors, it is

proposed and scientifically substantiated the treatment of essential oils by dispersal to narrow
fractions of different flavors and further preparative allocation of individual substances of
pure composition. The efficiency of new solutions in the manufacture of a stationary phase
preparative column PEG6000 is shown in portions on the section of the solid carrier
chromosorb A. The column with the number of theoretical plates 600 allows to simulate the
fractionation process on the hopper column of the distillation unit.

Received individual substances of pure composition have value as test-standards in

diverse researches, including pharmacokinetic and metabolic researches of impact of natural
sources of aroma on human body’s organs and systems.
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Introduction. The mechanism of fattening and fat content of
nanoparticles of a food additive on the basis of double oxide of two-
and trivalent iron, which is represented by the model “Two-layer
coordination”, is substantiated.

Materials and methods. Nanoparticles of a dietary supplement
based on bicarbonate and trivalent iron oxide, coated with linoleic acid
and unrefined sunflower oil. Fat-retaining ability was investigated
using IR-Fourier (FTIR) and energy-dispersive X-ray (EDX)
spectroscopy, as well as scanning electron microscopy (TEM).

Results and discussion. The mechanism of fattening and fat
content of nanoparticles of a food additive on the basis of double oxide
of two- and trivalent iron, which is represented by the model “Two-
layer coordination” is studied. The first adsorption layer is formed due
to electrostatic interactions of polarized groups of lipids and ionized
nanoparticles of a food additive and coordination bonds of Fe atoms,
nanoparticles of a food additive with oxygenates of the COO™ group of
the “hydrophilic head” of the lipid; the second adsorption layer — due
to electrostatic interactions of hydrophobic centers of the first
adsorption layer and hydrocarbon “tails” of lipids.

The appearance of two new bands in IR spectra at: ~1541 cm! and
~1637 cm’!' subsolids bidentate adsorption and the formation of a
carboxylate group (—COO-) in the “lipid-nanoparticle of a food
additive” composition.

Microscopic studies have established the order of the average
particle size: for pure food additives — <d> 78+2,36 nm; for the particles
of the supplemented linoleic acid — <d> 80+2,57 nm; for the sunflower
oil-added additives — <d> 81£2,93 nm.

Energizersispersion X-ray studies have established the elemental
composition of "lipid-nanoparticles of food additives": for particles of
pure food additive — Fe 75,5%; O 24, 5%; for particles of the additive
covered with linoleic acid — Fe 45,6%; O 34,7%; C 19,7; for particles
of an additive covered with sunflower oil — Fe 39,7%; O 36,7%; C
23,6%.

Conclusions. The “Two-layer coordination” model was proposed
for the first time to substantiate the mechanism of fattening and fat
content of a nutritional supplement by nanoparticles on the basis of
double-oxide and trivalent iron oxide.
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Introduction

One of the important functional and technological properties of food raw materials and
food ingredients which determine the course of the technological processes and the quality
of the finished product is fat-containing ability (FCA). Knowledge of the binding
mechanisms and the fat content of raw materials will allow rational use of new types of food
raw materials and food additives and predict the raw ingredients behavior in food systems
(test and confectionery masses, minced meat, etc.) in the process of processing and storage
of finished products.

Recently for FRA improving of the food systems the various nanopowders and food
additives have been used, in particular, silver, iron oxides, titanium dioxide and silicon
dioxide [1-6]. It is known to use nanopowder metal oxides in innovative animal products:
zinc oxide, titanium dioxide and silicon dioxide [1]; as a food additive of complex action,
(FesO4) magnetite nanoparticles have been proposed [2]; nanopowders, magnetic
nanoparticles of silver, silicon dioxide [3] magnetic nanoparticles of metals and metal oxides
are also used in lipid, carbohydrate and protein compositions [4]; magnetite nanoparticles
modifications with oleic acid [5] are used to create functional emulsions and oxide
nanoparticles modifications and iron hydroxide with higher fatty acids and fats are used for
aqueous suspensions [6]. The good FRA of nanopowder ingredients is associated with the
high dispersion which allows not only to bind free fats, but also to keep them on the
nanoparticles surface during cooking, as well as to the good availability of numerous
hydrophobic sites [1-5].

In the scientific works [3-5] a single — layer adsorption model (chemisorption) of fatty
acids on the metal oxide nanoparticles surface is proposed.

A model of two-layer adsorption is also considered: the first monolayer occurs on the
nanoparticle surface due to the fatty acids chemisorption and makes the particles
superhydrophobic; the second — due to the interaction of hydrophobic sections of the first
layer with alky substituents of fatty acids [6]. However, these assumptions are controversial
and require the additional experimental confirmation.

The literature analysis [ 1-6] showed that there is the insufficient data on the mechanism
substantiation of nanopowder of food additives, in particular, Fe;O4 nanoparticles in the food
systems. Fe;O4 nanopowder is the main component of the food supplement “Magnetofood”
which is a scientific development of the authors of this work. Nanopowder based on iron
oxides FesO4 (“Magnetofood”) has the great potential and carries the new functional and
technological properties (emulsifying, water-binding, water-holding, fat-binding, fat-
retaining) and the advanced technological applications [2, 7, 8]. The nanoparticles interaction
of FesO4 food additive (“Magnetofood”) with the food systems biopolymers (proteins,
proteids, carbohydrates, lipids) is a complex of complex chemical reactions. The
supramolecular organization of Fe;O4 nanoparticles (“Magnetofood”) and the of the organic
matrix structure play an important role. The result is the formation of spatial nanostructures
that significantly affect the functional and technological properties of raw materials and semi-
finished products (confectionery and dough masses, meat stuffing systems, etc.) [7, 8].

Therefore, the work on the creation of the new functional and technological properties
of food systems with the help of nanopowder of the food additives of the complex action are
relevant. In this case, it is important to understand the mechanisms of fattening and fat
binding and fat-containing.

To explain the mechanism of fat-containing ability (FCA) of nanoparticles (NPs) of the
food additive on the basis of Fe;O4 iron oxides (“Magnetofood”) it is necessary to determine

—— Ukrainian Food Journal. 2018. Volume 7. Issue 4

703



Food Technology ——

and understand the nature and strength of the interaction of Fe;O4 nanoparticles with
triglycerides and higher fatty acids.

The research aim is to study the mechanism of fat binding and fat-containing with

nanoparticles of a dietary supplement based on the double oxide of ferric and ferric iron.

To achieve the goal, the following tasks were set:

—  to study by the IR-spectroscopy method of the of adsorption interaction mechanism
of lipid molecules (in particular, linoleic acid and sunflower oil) with nanoparticles
of a dietary supplement based on the double oxide of ferric and ferric iron

— toinvestigate by the method of transmission electron microscopy (TEM) the particle
size and morphology of the experimental samples of a food additive based on the
double oxide of ferrous and ferric iron pure and coated with linoleic acid and
sunflower oil;

— to install energy dispersive X-ray spectroscopy (EDX) of the elemental composition
of the experimental samples of a food additive based on the double oxide of two and
trivalent iron pure and coated with linoleic acid and sunflower oil.

Materials and methods
Materials

Object of research: the mechanism of fat-containing ability of the powder ingredients
of food raw materials, in particular nanoparticles of the food supplements based on iron
oxides “Magnetofood”.

Subjects of research:

— Sample 1 — a food additive based on iron oxides (“Magnetofood”™) is a highly dispersed
nanopowder of the brown or black color with a particle size ~ 80 nm. According to the
chemical composition of “Magnetofood” is the double ferrous oxide (FeO-Fe;Os or
Fe;04), obtained by the method of chemical co-precipitation from aqueous solutions of
two- and trivalent ferrous salts in alkaline medium [8];

— Sample 2 — linoleic acid [company “CL Reachim” Ukraine], the storage period is 5 days
before using;

— Sample 3 — unrefined sunflower oil [“Vinnytskaia industrial company ViOil”, Ukraine].
The storage period is 5 days before using;

— Sample 4 — the food supplements nanoparticles based on iron oxides (“Magnetofood”)
coated with linoleic acid. We obtained dispersion of 1 g of nanoparticles of the
“Magnetofood” supplement (sample 1) and 0,2 g of linoleic acid in 10 ml of
dimethylformamide for 12 hours at a temperature of (50+1) °C and blowing a nitrogen
stream over the reaction mixture surface. After cooling the suspension to (20-25) °C the
nanoparticles of the food supplement “Magnetofood”, coated with linoleic acid were
isolated by magnetic filtration and washed with an aqueous-ethanol mixture (1:1) 5-7
times. The final product was dried in vacuum at (60+1) °C for 24 hours, the storage period
is 1 hour to use;

— Sample 5 — the food supplements nanoparticles based on iron oxides (“Magnetofood”)
coated with unrefined sunflower oil. The experimental sample was obtained in the same
way as sample 4 only particles of the “Magnetofood” food supplement were coated with
unrefined sunflower oil. The storage period is 1 hour to use.
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Research methods

IR-Fourier Spectroscopy (FTIR)

The vibrational spectra of the experimental samples were obtained by FTIR spectroscopy
on the Tensor 37 Fourier spectrometer from Bruker (Germany), controlled by the OPUS
software package with the standard graduated capabilities in the frequency range (4000—400)
cm! in the absorption format (IR Fourier spectra of samples 1, 4, 5 were removed in the
tablets KBr; samples 2, 3 — in the “liquid film”).

Scanning electron microscopy (TEM)

The particle size determination and morphology in the experimental samples 1, 4 and 5
were performed by using a JSM-820 scanning electron microscope (JEOL) with the
increasing possibility up to 150000 times. The obtained images in a planar geometry with the
electron beam falling along the hexagonal axis and perpendicular to it were processed with
the help of AutoCad 2014 and MathCad 2014 programs. Based on the obtained results, the
particle distribution in the experimental samples 1, 4, 5 was calculated by diameter. The
particles number in the sample to determine the average values was at least 500.

Energy dispersive X-ray spectroscopy (EDX)

To establish the elemental composition of the experimental samples 1, 4, 5, a scanning
electron microscope JSM-820 (JEOL) with an EDX connector was used. X-ray spectra were
obtained by the bombarding experimental samples with the electrons using an acceleration
voltage of 20 kV (corresponding to the lines of the characteristic spectra of the Ferrum,
Carbon and Oxygen). The installation of the elemental composition of the experimental
samples 1, 4, 5 was carried out by the analysis of the received spectra of characteristic X-ray
radiation.

Results and discussion

The mechanism of the fat-containing abilities (FCA) of the dietary supplement
nanoparticles based on the double oxide of ferric and ferric iron (FeO-Fe,O3 or Fe;0s4) can
be represented by the model of “two-layer coordination”. Figure 1 shows the ionic
interactions between the ionized nanoparticles of the food additive “Magnetofood” and the
charged carboxyl group (COO) of higher fatty acids.

Figure 1 shows how probably the interactions of the carboxyl group of free fatty acids of
fats and oils with ions of NPs Fe;O4 which are characterized by the high binding energy (~
500-1000 kJ/mol), take place [5].

The ability of NPs of food supplement “Magnetofood” (Fe;O4) to enter electrostatic
(Figure 1) and coordination (Figure 2—4) interactions with hydrophilic centers of free fatty
acids and triglycerides determines their chemisorption on the reactive surface of ionized
nanoparticles “Magnetofood” (Fe;O4). As a result, the first adsorption layer is formed on
surface NPs of food supplement “Magnetofood” (Fe;O4). Taking into account the above and
previous studies of the chemical interactions of nanoparticles of metal oxides and
carboxylates of higher fatty acids the interaction between hydrophilic centers of triglycerides
and fatty acids with NPs of food supplement “Magnetofood” (Fe;O4) can be represented by
four types: monodentate, bridge (bidentate), chelating (bidentate) and ionic interaction [5].
The model of ionic interactions is considered in Figurel.

Figure 2 shows the formation mechanism of the monodentate complex of NPs of food
supplement “Magnetofood” (FesO4) with fatty (linoleic) acid.
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Figure 1. Ionic interactions between ionized nanoparticles of (Fe3O4) food supplement
“Magnetofod” and COO™-a group of higher fatty acids:
a — polarized NPs Fe3;O4; b — protonated NPs Fe;O4
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Figure 2. Formation of the monodentate complex of NPs of food supplement “Magnetofood”
(Fe304) with linoleic acid
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From Figure 2 it is evident that due to the complex interaction (electrostatic and
coordination) one cation of the low-level iron of NPs of food supplement “Magnetofood”
(Fes04) binds to one carboxylic oxygen atom of linoleic acid. As a result, a unidirectional
electrostatic complex is formed.

Figure 3 shows the formation mechanism of a bidentate (chelating) NPs complex of food
supplement “Magnetofood” (Fe;O4) with linoleic acid.

NP Fe;0y4 Higher fatty acid \bidentat (chelating ) complex interactioy

bidentate (ch&afting ) complex
NP Fe;0,4 with a fatty acid
CH, CH, CHZ CH=CH CH—CH H CH, CH,

Alk: \—CHCHCH,CH, CH, CH, CﬁZCHj

alkyl (residue) of linoleic acid

Figure 3. Shows the formation mechanism of a bidentate (chelating) NPs complex of food
supplement “Magnetofood” (Fe3;0O4) with linoleic acid

This is a bidentate electrostatic complex in which one iron cation of a low-level
fermentation NPs of food supplement “Magnetofood” (Fe;O4) binds to two oxygen atoms of
the carboxyl group of linoleic acid due to the complex interaction (electrostatic and
coordination).

Figure 4 shows the formation mechanism of bidentate (bridging) NPs complex of food
supplement “Magnetofood” (Fe;O4) with linoleic acid. The interaction model shows that the
formation of a bridge bidentate complex in which two iron cations of the low-level
fermentation NPs of food supplement “Magnetofood” (Fe;Os) binds to two oxygen atoms of
the carboxyl group of linoleic acid due to the complex interaction (electrostatic and
coordination).

H8+
S+ | 5—
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Figure 4. Formation of the bidentate (bridging) complex of NPs of food supplement
“Magnetofood” (Fe3O4) with linoleic acid
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As a result of the electrostatic and coordination interactions (Figures 1-4), the first
adsorption layer on the NPs surface of food supplement “Magnetofood” (Fe;O4) which is
hydrophobic due to alkyl hydrophobic residues (“tails”) of fatty acids (in particular, linoleic
acids) and triglycerides.

Next, a second adsorption layer is formed due to the electrostatic hydrophobic
interaction. The hydrophobic matrix of the first adsorption layer enters an electrostatic
hydrophobic interaction with hydrophobic aliphatic tails” of fatty acids and triglycerides.

Figure 5 shows the formation mechanism of the lipid associate of NPs of food
supplement “Magnetofood” (Fe3O4) due to hydrophobic interactions. From which it follows
that the NPs Magnetofood food supplement (FesOa) form lipid associates with fats and higher
fatty acids, in particular with linoleic acid.

bidentate (bridging) complex
NP Fe;O4 with a linoleic a)if rst adsorption layer

/

CH, CH, CH; CH=CH CH=CH CI&I;/CI—D

CHyCHCH, M ch, ) CH, CH,CHS,
NN FNCNy
A A A U //

G, CH, ,/CH, CHZCHZCHZCHZ ¢
\__ U, cH,ciecl cuiéuc, cnycn,  OH

K linoleic acid forming th M%ond adsorption la eJ

O associate of a NP/Fe;OQ,4 with a linoleic acid
— electrostatic hydrophobic interaction of "cluster type'"

< — electrostatic hydrophobic "n—r Stacking' interaction

Figure 5. Formation of lipid associate of NPs of food supplement “Magnetofood” (Fe3O4) with
linoleic acid

Consequently, the second adsorption layer is formed due to the manifestation of the
dispersion forces in sufficiently extended molecules of higher fatty acids and triglycerides in
which there is a possibility of multicenter dispersion interaction.

As aresult, the alkyl matrix of lipids is structured according to the type of Van-der Waals
complexes, forming the second layer and the associate of nanoparticles of food supplement
“Magnetofood” (Fe;O4) with lipids.

Results of IR-Fourier Spectroscopy (FTIR)

To establish the adsorption interaction mechanism of the lipid molecules (in particular,
linoleic acid and sunflower oil) with nanoparticles of food additive “Magnetofood” (Fe;04)
IR-spectroscopic studies of experimental samples 1-5 in the range 400-4000 cm™ were
conducted (Figure 6).

We can see in the spectrum of pure NPs of food additive “Magnetofood” Fe;O4. (the
experimental sample 1) (Figure 6, a) the absorption line of the Fe—O bond with a maximum
at a value of ~ 532 cm™!, is presented which agrees well with data from literary sources ~ 530
cm [5,9, 10].

The dislocation of the maximum of the corresponding absorption band of valence
vibrations of the Fe—O bond in the experimental samples 4 and 5 (Figure 6 d, e) in the area ~
584 cm can be explained by the effect of the surface molecules of linoleic acid and
sunflower oil with their interference in the near-surface a layer of nanoparticles of food
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additive “Magnetofood” (Fe;O4) and the chemical interaction with iron cations (Figures 1—
5).

In the study of compositions “lipid — NPs of food additive Fe;O4” the stretching
frequency of the group C = O have the greatest significance. The unexcited state of these
fluctuation corresponds to an absorption band of 1710 cm (Figure 6, ). And in the
sunflower oil in the area of 1744 cm™ there is an intense peak of valence fluctuations C = O
— bond (Figure 6, ¢). As you can see from Figure6, the adsorption of linoleic acid and
sunflower oil on the NPs surface of “Magnetofood” food additive (Fe;O4) (Figure 6 d, e)
shows the disappearance of this absorption band in the spectra of food additive (Fe3Os) the
particles coated with the lipid. And also two new bands appear at 1543 cm™' (Figure 10, d)
and 1540 cm™ (Figure 6, e) and 1638 cm™ (Figure 6, d) and 1636 cm™ (Figure 6, e) which
are characterized by the valence asymmetric (vis) and valence symmetric (vs) of the
carboxylate groups vibrations (COO"). That is, the experimental data indicate that the lipid
(carboxylic acids or triglycerides) of chemisorption on the nanoparticles surface of food
additive Fe;Oj in carboxylate form (Figure 3, Figure 4 and Figure6, d, ¢) are using which the
help of two Oxygen atoms. Which due to the electrostatic coordination interactions with Fe
atoms are symmetrically coordinated with the surface of food additive Fe;O4 nanoparticles.
The result is the formation of a monomolecular layer of a chemically adsorbed lipid (the first
adsorption layer) on the nanoparticle surface of Fe;O4 (Figures 1-5) [11].

In the spectra of linoleic acid (Figure 6, b) and sunflower oil (Figure 6, c), the intense
bands are observed with a maximum at 2926 cm, 2856 cm™! and 2924 cm’!, 2854 cm’!
respectively. These peaks can be attributed to the asymmetric and symmetric (vas and vs)
vibrations of the C—H bond in the CH; group. Also, the spectra (Figure 6, b, ¢) show the band
of deformation (3) vibrations ~CH; groups about 1360 cm!, in linoleic acid, this band is very
weak [9—11].

On the curves (Figure 6, d) and (Figure 6, e) there is a displacement of these absorption
bands to a lower frequency — in the area: v,s= 2904 cm™'; vi = 2831 cm™ and § = 1350 cm™,
respectively. This is due, firstly, to the fact that the hydrocarbon chains of linoleic acid and
sunflower oil triglycerides in the monolayer (the first adsorption layer) surrounding the
nanoparticles of food additive “Magnetofood” are under the influence of the near-surface
layer of NPs of food additive “Magnetofood” Fe;O4 and the chemical interaction with ferrum
cations; and secondly, due to the hydrophobic interaction of hydrophobic centers of the first
adsorption layer with the hydrocarbon chains of linoleic acid and sunflower oil triglycerides
due to the dispersion forces. And this contributes to the formation of the second ad-
absorption layer on the surface of food additive Fe;O4 nanoparticles [12].

The unsaturated hydrocarbon chains which are a part of linoleic acid and sunflower oil
triglycerides are manifested by the valence fluctuations of about 3008 cm™ of the group -CH
= CH- and a clear strip of deformation oscillations () C—H of about 765 cm™! (Figure 6 b,
¢). On the structured nanoparticles of food additive Fe;O4 (Figure 6 d, ¢), the displacement
of these absorption bands is observed in the area: v=3000 cm™ and § = 752 cm™!, respectively
[11]. This is due, firstly, to the effect of NPs of food additive Fe;O4 on the hydrocarbon chains
of linoleic acid and sunflower oil triglycerides in the formation of the first adsorption layer,
and secondly, with the electrostatic interactions of the hydrophobic centers of the first
adsorption layer with the alkyl matrix of triglycerides and the alkaline tail of the linoleic acid
of the type “Van der Waals complexes”. This contributes to the structuring of the
"hydrophobic matrix" of the “NPs-lipid system of food additive Fe;0” and the formation of
the second adsorption layer on the surface nanoparticles of food additive FesO4 on which
adsorbed lipids (linoleic acid or sunflower oil) have already been adsorbed in the first
adsorption layer [13, 14].
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Figure 6. Fourier-IR spectra of the experimental samples of “lipid-NPs
of food additive Fe;O4 compositions™:
a — finely-dispersed powder of food additive Fe3O4; b —linoleic acid; ¢ — sunflower oil;
d — nanoparticles of food additive Fe;O4 covered with linoleic acid; e — nanoparticles of food
additive Fe3;O4 covered with the sunflower oil

In the spectra of linoleic acid and sunflower oil (Figure 6, b, ¢) three absorption bands
are observed: a stronger band of about 1164 cm™! (b) and 1162 cm™' (c) and two less intensive
bands of about 1236 cm™ (b) and 1233 cm! (¢) and 1104 cm™ () and 1100 cm™ (c). These
are the valence fluctuations of the C—O group. Also, in the spectrum of linoleic acid (Figure
6, b), a double is noted: the first peak is at 1285 cm™!, the second one is at 1248 cm™. The
first arises as a result of the combination of plane deformation (3;) oscillations of O—-H and
C-O bonds. The second of the peaks refers to the symmetric valence (vs) oscillations of the
C-0. Asymmetric valence (v,s) oscillations of the C—O bond of the carboxyl group of linoleic
acid appeared on the doublet on the peak form at 1436 cm™! [9-11].

In the spectra (Figure 6, d, ) there are no such bands. And two new ones are appearing:
at 1052 cm™ and 1305 cm™! (Figure 6, d) and 1055 cm™ and 1307 cm! (Figure 6, ¢) which are
characteristic of plane deformation (8,4.) and valence (v) oscillations of C—O that interacts
with polarized NPs of food additive Fe;O4 (Figure 1-5) [11].

The presence of the broad absorption band of average intensity for the spectrum of
linoleic acid (Figure 6, b) in the range of 3200 — 3600 cm™ associated with the characteristic
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vibrations of the surface OH—groups. The non-plating (8npa.) deformation vibrations of the

O-H bond of the carboxyl group of linoleic acid are noted in the form of a band at 938 cm™.

Also you can see from Figure 6 (¢, d, e) in the spectrum of sunflower oil (Figure 6, ¢) and

with the adsorption of linoleic acid (Figure 6, d) and sunflower oil (Figure 6, ¢) on the NPs

of food additive Fe;O4 surface, these absorption bands disappear. This is confirmed by data
on the absence of free hydroxy-groups on the surface of the “lipid-NPs of food additive

Fe;04” system. These results confirm that oleic acid and triglycerides of sunflower oil are

chemisorbed on nanoparticles of food additive Fe;O4 (Figures 1-5).

Obtained results of IR studies of the experimental samples in combination with previous
studies of the processes of adsorption of fatty acids on particles of food additive Fe;O4 [9—
11] confirm the formation mechanisms of the first lipid adsorption layer on the NPs of food
additive Fe;O4, which can be represented by four types: monodentate, bridge (bidentate ),
chelating (bidentate) and ionic interaction (Figure 1-5) [5].

The differences in the wave number values (Av,) between the asymmetric (vas) and
symmetric (vs) stretching vibrations of the carboxylate v,s (—COO—) and vs (—COO—) groups
(in the IR spectrum — Figure 6, d, ¢) can be used for the type identification of the interaction
between carboxyl (COO") lipids and a metal atom (in particular, Fe) of nanoparticles of food
additive Fe;04

The largest deviation of the wave number Av, (200 — 320 cm™ ) corresponded to the
monodentate interaction, and the smallest — Av, (<110 cm™) — chelating (bidentate).

The mean average deviation Av, (140-190 cm™) is characteristic for the bridge
(bidentate) interaction. In this work, the Av, value is ~ 100 cm™ (1638 —1543 = 95 cm’!, for
sample d) 1636 — 1540 = 96 cm™! for the sample ¢) and indicates the bidentate structure
existence where two oxygen atoms of the carboxyl group of lipid which coordinated link with
Ferum atoms surface of food additive Fe;O4nanoparticles (Figures 4, 5).

Hence, the mechanism of fat-containing and fat binding capability of NPs of food
additive “Magnetofood” (Fe;O4) consists of the chemisorption of fats on their surface and
can be represented by the “two-layer coordination” model:

— The first adsorption layer — due to the electrostatic interactions of polarized groups of
lipids with the ionized nanoparticles of Fe3O4 additive and the coordination bonds of
Ferum atoms of NPs of food additive Fe;O4 with Oxygen COO™ — group of “hydrophilic
head” of higher fatty acids and triglycerides of fat;

— The second adsorption layer — due to the electrostatic interactions of hydrophobic centers
of the first adsorption layer and hydrocarbon tails of higher fatty acids and triglycerides
of free fat.

Morphological analysis of experimental samples. Scanning Electron Microscopy
(TEM)

Particle size and morphology of experimental samples 1, 4 and 5 have been studied by
using the transmission electron microscopy (TEM). Figure 7 shows the normalized
distribution function of the particle size in the experimental samples 1, 4 and 5.

It is established that the distribution function is rather narrow and symmetric which tests
the systems of the experimental samples of nanoparticles of food additive “Magnetofood”
Fe;04 as homogeneous with a low degree of polydispersity (Figure 7 @, b, ¢). The established
order of the average particle size is: for sample 1 — <d> ~ 78+2,36 nm; for sample 4 — <d> ~
80+2,57 nm; for a sample of 5 — <d> ~ 81+2,93 nm.
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a — synthesized fine powder of food additive Fe;Oy;

b — nanoparticles of food additive Fe;O4 covered with linoleic acid;
¢ —nanoparticles of food additive Fe3;O4 covered with sunflower oil

The increase in the particle size of food additive Fe;O4 in the experimental samples 4
and 5 compared with the pure NPs of food additive Fe;O4 (sample 1) is due to adsorption of
linoleic acid and sunflower oil on the nanoparticles surface of food additive Fe;O4. That is,
the total thickness of the 2d lipid adsorption layer is: for linoleic acid (sample 4) — 2d =
2-(1,10 — 1,25) nm = (2,2 — 2,5)nm; for sunflower oil (sample 5) — 2d = 2-(1,4 — 1,6) nm =
(2,8 —3,2) nm.
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Elemental analysis of the experimental samples. Energy dispersive X-ray
spectroscopy (EDX)

Using the EDX-spectra (Table 1) the elemental composition of the experimental samples
of the composition “Lipid-NPsFe;O4” was established.

Table 1
Elemental composition of the experimental samples
) Elemental composition
Experimen-
tal\ samples Fe 0 C
Mass% | Atomic% | Mass% | Atomic% | Mass% | Atomic%
Sample | 75,5 42,9 24,5 57,1 — —
Sample 4 45,6 37,5 34,7 26,6 19,7 35,9
Sample 5 39,7 35,5 36,7 29,6 23,6 34,9

On X-ray spectra of the experimental samples 1, 4, 5 the peaks are about 0,8; 6,3 and 6,8
keV and associated with the absorption of the kinetic energy of electrons by the Fe atom. The
NPs spectra of food additive Fe;O4 which are covered with lipids contain two more peaks:
about 0,27 keV and 0,47 keV. These absorption bands belong to the atoms C and O [4, 5].
Moreover, the peak at 0,47 keV, characteristic of the atom O is also present in the spectrum
of pure food additive Fe;O4 (sample 1). EDX-spectra analysis of the experimental samples
1, 4, 5 shows that Fe, O and C (H can not be investigated) are the main components in the
“lipid-NPs of food additive Fe;O4”.

From the analysis of the experimental data (EDX-spectra) it follows that the
experimental samples have the following chemical (qualitative and quantitative)
composition: sample 1 (highly dispersed powder of food additive Fe;Os) — Fe 75,5%; In
24,5%; sample 4 (nanoparticles of food additive Fe;O4 covered with linoleic acid) — Fe
45,6%; O 34,7%; C 19,7%; sample 5 (nanoparticles of food additive Fe;O4 covered with
sunflower oil) — Fe 39,7%; O 36,7%; C 23,67%. In the experimental samples 4, 5 a new
chemical element (C) appears that is absent in the pure of food additive Fe;O4 (sample 1).
The result indicates that NPs of food additive Fe;O4 was successfully synthesized (sample 1)
and lipids (samples 4, 5) which chemisorption on the particles of food additive Fe;O4. The
absorption band of atom C appeared in the samples 4, 5, confirms the process of adsorption
and chemical interaction of particles of food additive Fe;O4 with lipids (in particular, linoleic
acid and with triglycerides of sunflower oil).

Conclusions

1. The proposed model of “Two-layer coordination” of fats and higher fatty acids, in
particular, of the linoleic acid on the surface NPs of food additive Fe;O4: the first adsorption
layer is formed due to the electrostatic interactions of polarized groups of lipids and ionized
nanoparticles of food additive Fe;O4 and the coordination bonds of Fe atomic nanoparticles
of food additive Fe;O4 with Oxygen COO™ — a group of “hydrophilic head” of lipids; the
second adsorption layer is due to the electrostatic interactions of hydrophobic centers of the
first adsorption layer and hydrocarbon “tails” of lipids.
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2. Experimentally confirmed the mechanism of fat binding and fat content of nanoparticles of
food additive on the basis of double oxide of two- and trivalent iron (Fe3O4) which is represented by
the model “Two-layer coordination”:

— By the IR-Fourier spectroscopy method, the chemisorption of linoleic acid and 1-linoleyl-2-
oleoyl-3-linolenoylglycerol on the surface NPs of food additive Fe;O4 has been demonstrated:
for example, in IR-spectrum of the experimental samples of NPs of food additive Fe;04 covered
with linoleic acid (sample 4) and sunflower oil (sample 5) appeared in two new bands at 1543
cm’! (sample 4) and 1540 cm™! (sample 5 ) and 1638 cm™! (sample 4) and 1636 cm™ (sample 5),
which are characteristic of valence asymmetric (v4) and valence symmetric (vs) oscillations of
the carboxylate group (COO"). The absorption band at 1710 cm™! (linoleic acid is in the
sample 2) and at 1744 cm™! (sunflower oil is in the sample 3), characteristic of the valence
fluctuations C = O-bond, disappeared. That is, the experimental data of the IR-Fourier
spectroscopy indicate that lipids (linoleic acid or triglycerides of sunflower oil) are
chemisorbed on the nanoparticles surface of food additive Fe;O4 in the carboxylate form
using two oxygen atoms. The result is the formation of a monomolecular layer of
chemically adsorbed lipids on the nanoparticles surface of food additive Fe;Os. In the
spectra of linoleic acid (example 2) and sunflower oil (sample 3) the intense bands are
observed with peaks at 2926 cm™, 2856 cm™ and 2924 cm™!, 2854 cm™!, respectively and
about 1360 cm™'. On the curves of the experimental samples 4 and 5 these absorption
bands are shifted to a lower frequency and the region: v,s = 2904 cm™'; vs = 2831 cm™ and
8=1350 cm™!, respectively. This is due to the formation not only the first adsorption layer
but also the formation of the second adsorption layer on the nanoparticles surface of food
additive Fe;Os ;

— The method of scanning electron microscopy revealed that the established order of the
average particle size is: for sample 1 — <d>78+2,36 nm; for sample 4 — <d> 804+2,57 nm;
for a sample of 5 — <d>8142,93 nm;

— The method of energy dispersive X-ray spectroscopy the elemental composition of the
experimental samples of food additive Fe;04 was studied: sample 1 (highly dispersed powder of
food additive Fe;04) — Fe 75,5%; O 24, 5%; sample 4 (nanoparticles of food additive Fe;O4
covered with linoleic acid) — Fe 45,6%; O 34,7%; C 19,7; sample 5 (nanoparticles of food
additive Fe3O4 covered with sunflower oil) — Fe 39,7%; O 36,7%; C 23,67%.

The obtained results will allow to simulate the processes of fat-retaining capacity and fat-
binding capability in the various food systems; the functional and technological characteristics of
fat-containing compositions and the quality indicators of finished products.
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Introduction.  Antimicrobial  properties of two
naphthopyrandione derivatives with cycloalkanespirohydantoins
towards some phytopathogenic and beneficial microorganisms
are investigated and presented in this work.

Materials and methods. The title compounds are obtained
following a known procedure. The agar well diffusion test is
applied to determine the antimicrobial activities of the
synthesized products on bacteria and fungi. The initial cyclo-
alkanespirohydantoins are prepared via the Bucherer-Lieb
method. The starting compounds used in the studies, namely 6-
bromo-1H,3H-naphtho[1,8-cd]pyran-1,3-dione, cyclo-
alkanespirohydantoins, naphthopyrandione derivatives with
cycloalkanespirohydantoins, namely
3-(1,3-dioxo-1H,3H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro
[4.4]-nonane-2,4-dione and

3-(1,3-dioxo-1H,3H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-
diazaspiro[4.5]decane-2,4-dione, are synthesized according to the
methods described in the literature.

Results and discussion. The antimicrobial activity of the
parent compounds and the final products is investigated against
the fungi Fusarium oxysporum and Trichoderma asperellum T6,
the Gram-positive bacterium Bacillus amyloliquefaciens 2/7 A
and the Gram-negative bacterium Xanthomonas vesicatoria. All
substances (except the initial spirohydantoins) show activity to
the microorganisms studied. With regard to the test fungi, more
susceptible are those of phytopathogenic species (Fusarium
oxysporum). The effect is different in the case of bio-control agent
(Trichoderma asperellum T6). In addition to being weaker, over
time, the fungus overcomes the inhibitory effect as its growth
covers inhibition zones already formed. The 3-(1,3-dioxo-1H,3H-
naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5]decane-2,4-dione
shows the highest activity against phytopathogenic
microorganisms while having a relatively lower effect against
Trichoderma asperellum T6.

Conclusions. The 6-bromo-1H,3H-naphtho[1,8-cd]pyran-
1,3-dione, 3-(1,3-dioxo-1H,3H-naphtho[1,8-cd]|pyran-6-yl)-1,3-
diazaspiro[4.4]nonane-2,4-dione  and  3-(1,3-dioxo-1H,3H-
naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5]decane-2,4-dione
possessed the highest biological activity to all of the tested
microorganisms.

716 —— Ukrainian Food Journal. 2018. Volume 7. Issue 4




Food Technology ——

Introduction

The hydantoins (imidazolidinediones) are substances with a broad spectrum of biological
activity. Different derivatives of such compounds are known as antimicrobial agents [1-34].

The antimicrobial activity of various spirohydantoins and their derivatives has been
investigated and reported in previous studies of ours. Some of the products tested for the
presence of such type of activity are shown in figure 1.
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Figure 1. Some biologically active spirohydantoins and their derivatives

The cyclopentanespiro-5-hydantoin /1,3-diazaspiro[4.4]nonane-2,4-dione/ (figure 1a),
cyclopentanespiro-5-(2,4-dithiohydantoin) /1,3-diazaspiro[4.4]nonane-2,4-dithione/ (figure
1b) and 1-aminocyclopentane-1-carboxylic acid (figure 1c¢) have shown strong fungicidal
activity against Blumeria graminis f. sp. tritici (wheat powdery mildew) [35]. Other
compounds with pronounced fungicidal properties are
3-(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.4Jnonane-2,4-dione
(Figure 1g) and
3-(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5]decane-2,4-dione
(figure 1h).

Both products completely inhibited the germination of the Monilia fructigena (brown
rot) conidia [36]. With regard to Plasmopara viticola (grapevine downy mildew), only the
cyclopentyl derivative (figure 1g) was found to be effective [37]. The 3-amino-9’-
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fluorenespiro-5-hydantoin /3'-aminospiro[ fluorene-9,5'-imidazolidine]-2',4'-dione/ (figure
1d) exhibited a distinct antibacterial activity against the Gram-negative bacterium
Escherichia coli [38]. In contrast to the example above, it was found out that the 3-methyl-
(9'-fluorene)-spiro-5-(2,4-dithiohydantoin) ~ /3'-methylspiro[fluorene-9,5'-imidazolidine]-
2'4'-dithione/ (figure le) showed antibacterial effect towards Gram-positive bacteria
(Staphylococcus  aureus and  Bacillus  subtilis) [39]. The N-(2,4-dioxo-1,3-
diazaspiro[4.5]decan-3-yl)-1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-
carboxamide (figure 1f) possessed a certain antibacterial activity against Gram-positive and
Gram-negative bacteria [40].

The current work is a continuation of the biological activity research of 3-(1,3-dioxo-
1H,3H-naphthol[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.4]nonane-2,4-dione (figure 1g) and 3-
(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-diazaspiro[4.5] decane-2,4-dione (figure
1h). Herein, we present a study of the antimicrobial activity of both compounds against
bacterial and fungal cultures of phytopathogenic and beneficial microorganisms.

Materials and methods
Synthetic compounds

All chemicals used for the synthesis were purchased from Merck and Sigma-Aldrich.
The melting points were determined with a SMP-10 digital melting point apparatus. The
elemental analysis data were obtained with an automatic analyzer Carlo Erba 1106. The
purity of the compounds was checked by thin layer chromatography on Kieselgel 60 F;s4, 0.2
mm Merck plates, eluent systems (vol. ratio): benzene : ethanol = 5 : 1, ethyl acetate :
petroleum ether = 1 : 2 and n-butanol : acetic acid : water =3 : 1 : 1. The IR spectra were
registered in KBr pellets on a VERTEX 70 FT-IR spectrometer (Bruker Optics) from 4000
cm™! to 400 cm™! at resolution 2 cm™! with 25 scans. The NMR spectra were taken on a
Bruker DRX-250 spectrometer, operating at 250.13 and 62.90 MHz for 'H and *C,
respectively, using the standard Bruker software. The chemical shifts were referenced to
tetramethylsilane (TMS). The measurements in DMSO-ds solutions were carried out at
ambient temperature (300 K). Typical conditions for 'H NMR spectra were: pulse width 30°,
1 s relaxation delay, 16K time domain points, zero-filled to 64K, hard pulse with 90° pulse
width of 11.8 us; '*C NMR spectra: pulse width 30°, 1 s relaxation delay, 16K time domain
points, zero-filled to 32K, hard pulse with 90° pulse width of 6.4 us at a power level of 3 dB
below the maximum output.

Microorganisms

Bacterial and fungal cultures of phytopathogenic and beneficial microorganisms were
used to study the biological activity of the test substances. Fungi used were the
phytopathogenic Fusarium oxysporum and the bio-control agent Trichoderma asperellum
T6. The Gram-positive Bacillus amyloliquefaciens 2/7 A, having the ability to stimulate plant
growth and to restrict the development of fungal phytopathogens and plant pathogenic and
the Gram-negative Xanthomonas vesicatoria were used as bacterial test cultures. The
microorganisms used in the study were from the collection of the Laboratory of microbial
technologies except Xanthomonas vesicatoria, kindly provided by Dr. Katia Vasileva from
Maritsa Vegetable Crops Research Institute, Plovdiv.
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Biological assay

The agar well diffusion method was applied to determine the antimicrobial activities of
compounds 1a, 1b, 2, 3a and 3b on the bacteria and fungi [41-43]. The incubations were done
on tryptic soy agar (TSA Biolife 4021552) for the bacterial isolates and potato dextrose agar
(Merck 1.10130.0500) for the fungi. The agar plate surface was inoculated by spreading 100
ul of the microbial inoculum, adjusted to yield approximately 1.0 X 10® cfu per ml with sterile
water. Then, a hole with a diameter of 10 mm was punched aseptically with a sterile cork
borer and a volume of 50 ul of the dimethylsulfoxide (DMSO) solution of the synthesized
compounds in concentration of 20 mg/ml was introduced into the well. The agar plates were
incubated in thermostat at 28 °C for all microorganisms. The inhibition zones were recorded
at 48 and 96 h. The inhibition zones were analyzed using Digimizer®4.6.1, image analysis
software.

Results and discussion

The synthesis  of  the  title  naphthopyrandione  derivatives  with
cycloalkanespirohydantoins was carried out according to Figure 1.
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Figure 1. Synthesis of naphthopyrandione derivatives with cycloalkanespirohydantoins [36]

The cyclopentanespiro-5-hydantoin (1a) and cyclohexanespiro-5-hydantoin (1b) were
prepared via the Bucherer-Lieb method [44]. The synthesis was performed by the reaction of
cyclopentanone and cyclohexanone with sodium cyanide, ammonium carbonate and ethanol.

The 4-bromo-1,8-naphthalic anhydride (2) was obtained by the bromination of 1,8-
naphthalic anhydride /1H,3 H-naphtho[ 1,8-cd]pyran-1,3-dione/ in accordance with Grayshan
et al. [45].

The interaction of cycloalkanespirohydantoins (1a and 1b) with 4-bromo-1,8-naphthalic
anhydride (2) led to 3-(1,3-dioxo-1H,3 H-naphtho[ 1,8-cd]pyran-6-yl)-1,3-
diazaspiro[4.4]nonane-2,4-dione (3a) and 3-(1,3-dioxo-1H,3 H-naphtho[1,8-cd|pyran-6-yl)-
1,3-diazaspiro[4.5]decane-2,4-dione (3b) formation [36].

The compounds cited above (see table 1) were characterized by physicochemical
parameters, elemental analysis, IR and NMR spectral data. The results obtained from these
analyses match the literature data [36, 45-48].
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Table 1
Compounds used for the biological tests
Name / Synthesis
Ne Structure IUPAC* systematic name | procedure
H
N /O Cyclopentanespiro-5-
1 \( hydantoin [44]
a NH /1,3-Diazaspiro[4.4]nonane-
/ 2,4-dione/
o)
H o .
N~ Cyclohexanespiro-5-
hydantoin
1b NH /1,3-Diazaspiro[4.5]decane- [44]
2,4-dione/
o)
0 .
/) 4-Bromo-1,8-naphthalic
Br anhydride
2 O /6-Bromo-1H,3H-

[45]
naphtho[1,8-cd]pyran-1,3-
S dione/

/
O o 3-(1,3-Dioxo-1H,3H-
N naphtho[1,8-cd]pyran-6-yl)-
3a HN\< o) 1,3-diazaspiro[4.4nonane- [36]

\ O 2,4-dione

@)

0]
0

( O P 3-(1,3-Dioxo-1H,3H-
N naphtho[1,8-cd]pyran-6-yl)-
* HN\\< o) 1,3-diazaspiro[4.5]decane- [36]

d O 2,4-dione
O

* International Union of Pure and Applied Chemistry

The research of synthesized substances, that are active against phytopathogens, requires
verification of their action against microorganisms, harmful to plants, as well as useful
microorganisms in combination with which they could be used.

In this preliminary study, bacteria and fungal strains important for growing quality
agricultural produce are selected. Two phytopathogenic microorganisms, one fungus and one
bacterium, have been selected. The other two microorganisms tested were beneficial bacteria
and fungi that have the ability to control plant diseases and stimulate plant growth. This leads
to an increase in the quantity and quality of the agricultural products.

Xanthomonas vesicatoria is a Gram-negative, aerobic, rod-shaped bacterium that causes
leafand fruit spots on peppers and tomatoes [49, 50]. X. vesicatoria occurs widely in tomato-
and Capsicum-growing areas in different parts of the world and bacterial spot is common and
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serious disease. Bacterial spot lesions can be observed on leaves, stems and fruit and occurs
during all stages of plant growth. In favorable weather conditions, spots can coalesce and
cause large areas of chlorosis. While fruit lesions are often only superficial, they reduce
product quality in terms of fresh consumption and processing.

Fusarium oxysporum is a soilborne pathogenic fungus of worldwide importance [51].
The pathogen enters the plant through the roots and is then spread throughout the plant by
the vascular system. This fungus can cause severe damages to many types of vegetables,
flowers and field crops.

Fungi from the genus Trichoderma and bacteria from the genus Bacillus have been
widely used in the agriculture as biocontrol agents. They possess a mycoparasitic capacity
and ability to improve plant health and protection against phytopathogens, as well as to
increase tolerance to biotic and abiotic stresses [52-54].

The antimicrobial activity of the parent compounds and the final products was
investigated against the fungi Fusarium oxysporum and Trichoderma asperellum T6, the
Gram-positive bacterium Bacillus amyloliquefaciens 2/7 A and the Gram-negative bacterium
Xanthomonas vesicatoria (see the “Materials and methods” part). The results of the
conducted tests are presented in figures 2-4.
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Figure 2. Inhibition zones (cm) of the test substances

All substances (except the initial spirohydantoins 1a and 1b) show activity towards all
studied microorganisms. With regard to the test fungi, more susceptible are those of
phytopathogenic species (Fusarium oxysporum).
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The effect is different in the case of bio-
control agent (Trichoderma asperellum T6,
Figure 3). In addition to being weaker, over
time, the fungus overcomes the inhibitory effect
as its growth covers inhibition zones already
formed.

With respect to the test substances, the
biological activity of compounds 2, 3a and 3b is
the highest of all tested microorganisms.
Compound 3b shows the highest activity against
phytopathogenic microorganisms while having
a relatively lower effect against Trichoderma
asperellum T6. The remaining substances differ

Figure 3. Overcomed inhibitory effect in their activity against various microorganisms,
by Trichoderma asperellum T6 however, their cumulative activities to all

microorganisms are approximately the same and

do not differ to the control (Figure 4).

Active compound

Control ‘ ‘
Compound 3b | |
Compound 3a | | | | | |

Compound 2 | | | [ | |

Compound 1b

Compound 1a [

0 2 4 6 8 10 12
Diameter of Inhibition zone, cm
m Trichoderma asperellum T6 Bacillus amyloliquefaciens 2/7 A

@ Fusarium oxysporum O Xanthomonas vesicatoria

Figure 4. Cumulative activity of the compounds against test microorganisms

Conclusions

When comparing the activity of the original and the synthesized substances it is obvious
that the initial materials practically do not exhibit biological activity to the test
microorganisms.

The synthesized substances exhibit biological activity against all tested microorganisms.
As such, these are of interest for further research. Compound 3b depicts the highest activity,
which is the only substance that has a significant activity against Xanthomonas vesicatoria.

Another important observation is that the activity exerted on the fungal bio-control agent
Trichoderma asperellum T6 is expressed in temporary growth retention, which is then
overcome by the fungus.
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The latter can be used in the joint application of test substances together with fungal bio-

control agents of the genus Trichoderma for the control of plant diseases in the production
of safe plant produce for consumption and future processing.
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Introduction. The tasks were considered, which are related
to the working bodies for the artificial food products movement
according to the specified movement law and their positioning in
the intermediate positions of the kinematic cycle.

Materials and methods. The actuators dynamics
characteristics and control system of power part of positional
electro-pneumatic actuators were researched. The methods of
mathematical and computer modeling, and methods of solving
ordinary differential equations and partial differential equations
and method of correlation analysis were used.

Results and discussion. The analytical dependences for
determining the kinematic parameters of the artificial product
movement with the mechanism of collision, which is based on the
pneumatic actuator, are obtained. The dynamical model of the
actuator is mathematically tested and the movement law of the
collision mechanism, which is approximated to the optimal speed,
is obtained. To analyze the loading process of the working link of
the positional actuator, the model of a generalized control system
is used, which is limited by the one full cycle of operation of the
functional mechatronic module of the packing machine. Such a
model allows to describe the overload process, both in the case of
full and partial filling of the working cycle. This is important
when packing products in different geometric shapes of consumer
packaging, which is typical of modern packaging machines. The
simulation model of the actuator is theoretically substantiated and
confirmed, which has a number of advantages, unlike the existing
structures of positional drives in packaging machines. Calculated
difference, during mathematical modeling, of the value of the
working time of the output stage of the functional mechatronic
module for the processing of the kinematic cycle of the operation
of the packaging machine was for the various input parameters of
the limit to 7%. The results of the mathematical modeling of
dynamics for a positional pneumatic actuator, with the condition
of changing the cross section of the exhaust hole, gave the
opportunity to obtain the kinematic characteristics of the drive.

Conclusions. The results of mathematical modeling for
positional pneumatic actuators with the condition of changing the
section of the exhaust hole allowed to track all the kinematic
characteristics of the actuator.
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Introduction

In recent years, a rather complicated process of optimal control of actuators of
technological equipment for food production has been studied by many authors [1-4]. The
authors took the various assumptions in order to simplify the mathematical description of the
work of tracking and positional actuators [3, 4]. For a long time, this approach was justified,
but over time, the productivity of mechatronic functional modules as part of technological
equipment has increased significantly. In this connection, many control models of positional
actuators with rational kinematic and dynamic parameters have become unacceptable for
practical use [19]. Therefore, modulation of the moving process of artificial products by
pusher on the basis of a position pneumatic actuator taking into account the real boundary
conditions, as well as dynamic processes in the pneumocylinder, is relevant.

The main ways of packing artificial products in polymer films are revealed: the
placement of the product in a pre-made package and fastening it with clips; the placement of
the product in the sleeve, which is formed from roll packaging material; the placement of the
product between two films and the formation of a package with four seams; the wrapping of
the product with a polymeric film [8].

The analysis of the existing equipment for the packaging of artificial and small artificial
foods, showed the priority of using polymeric packaging materials for a number of economic,
environmental and protective parameters [5—7]. There are modules with linear displacement
actuators in the composition of the collision mechanisms in the studied packaging machines
(PMs), the most common mechatronic functional modules (MFMs) feeding the food product
to the packaging area. The main ways of packing artificial products in polymer films are:
placing the product in a pre-made package and fastening it with clips; placement of the
product in the sleeve, formed from roll packaging material; placement of the product between
two films and the formation of a package with four seams; wrapping the product with a
polymeric film [8]. FMM layouts, which are using for the packaging of artificial and small
artificial products, use commonly-designed functional devices (FDs) with pneumatic or
electro-pneumatic actuators for pushing products [9,10]. It should be noted that in some
cases, technological operations in packaging machines (movement of artificial products, the
formation of a layer of artificial products, delivery of the package) carry out by using a
pneumatic actuator [11]. It does not allow using of the single piston motion law when moving
artificial products due to their different physical and mechanical properties. The strikes,
which arise in the final position in the movement of artificial products, cause loss of their
product appearance or the destruction of group units [12]. First of all, it is necessary to take
into account, the possibility of practical implementation of this law by a pneumatic actuator,
what means the possibility of ensuring a smooth change of all its parameters, when choosing
the law of moving an artificial product [13].

The criterion, characterizing the operations of forming the structural elements of the
package, can be the law of motion, selected by the condition of the required productivity,
which is the most common in MFM packaging machines. It is connected with the work of
packing machines, which have their own productivity, and locates at the earlier stages of the
technological chain [14,15].

The aim is expanding the functionality of food packaging equipment provides the
searching for ways to improve the drives of the functional mechatronic modules.

The tasks of the study:

— the modeling of piston movement law of the pneumocylinder with an initial difference in
air pressure, approximating to the optimal speed. In this case, the loads movement on the
fixed flat is considered a collision mechanism with a positional pneumatic actuator.
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— using the mathematical modeling to study the cases of smoothing the acceleration
function at the moment of disengagement of the driving force, which allows to change
smoothly the working parameters of the positional pneumatic actuator.

— creation of the simulation model of the positional actuator, with taking into account the
cases of functions smoothing of the of the analogue of speed and analogue of acceleration.

— description of the method of choosing the initial movement stage (in the coordinate x),
with taking into account the possible reduction of the actuating mechanism productivity.

— the study of optimal kinematic parameters of the packaging process of artificial food
products in packaging machines.

— the development of the mathematical analysis method of the positional electro-pneumatic
actuator for working out the modes of operation of the different functional mechatronic
modules in a packing machine for artificial food products of the horizontal type.

In addition, it is necessary to set the value of the initial stage of the movement (x
coordinate), choosing it in such a way that the initial stage does not have a significant effect
on the productivity reduction of the executive mechanism. According to the author, the initial
stage should not exceed 10% of the total displacement time of the piston (product), which
allows the practical realization of a given law of motion without major errors.

Materials and methods

Materials

The materials were chosen the positional actuators of packaging machines. The aim of
the study was chosen the dynamics of electro-pneumatic positional actuators. The analysis
of the working bodies motion laws of the initial kinematic link of the collision mechanisms
was carried out for the technological schemes of the MFM movement of artificial products
and the group (layer) of artificial products into the formed sleeve of the packaging material.

MFM formation characteristics of artificial products packaging

The operations of forming the artificial products packaging are connected to the work of
the MFM elements according to the laws of motion, which determine the required
productivity of the packaging machine. As an researched positional actuator, for the given
layout of Figure 1, MFM was chosen on the basis on pneumo actuator of positional type.

At Figure 1b there is shown with use of the graphs the generalized characteristics of
displacement, speed, acceleration for the working output of the MFM. The mathematically
illustrated graphs are described in the work [16]. According to the recommendations, we
accept the initial conditions for the study of the technical system of the MFM (Figure 1a):

— The collision system, provided by the FMM, works according to the linear modified [17]
law;

— The stage of acceleration is limited by the conditions 0<t<0,25T:

4x

I tz_._4 t .
X = xo; ,x— xoﬁ,x—’rz.

1)
Deceleration:
4xot )2
075T<t<T; x = 22— — 2, (£)

o Mof4 ), o _ 4%

X = (1 ), X = .
Constant motion: 0,25T<t<0,75T;

Xo

X=Xt x= - X = const; (2)

. 6X 2t
=2 (1-—).
T2 T
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Figure 1. Technological scheme of PM for packing in a three-seam package with the work
schedule of the output kinematic link MFM:

1 — FMM supply of packaging material; 2 — FD formation of the semi-sleeve; 3 — FD package
formation; 4 — artificial product based on corex; 5 — MFM the formation of the longitudinal seam;
6 — MFM the formation of the longitudinal seams; 7 — FMM forming of welding transverse seams;

8 — FD cutting off surplus shrinkable packaging material; 9 — transport system of withdrawal of
finished packaging; 10 — MFM moving products into the sleeve.

The given descriptions of the movement laws of the technological machines [16] of
working bodies do not allow us to describe in detail the change in the kinematic
characteristics of the working bodies in the arrangement with the electro-pneumatic actuator.
Therefore, taking into account Figure 1 (b) and work [16,18], we can formulate research tasks
with additional parameters. For such parameters we accept the processes of changing the
pressure in the power part of the positional pneumatic actuator. MFM research with taking
into account the inertial processes of the power part of the electro-pneumatic actuator is due
to the need to supplement information on the operation of the executive mechanisms of
automatic machine [16], in particular the packaging machine for the packaging of artificial
food products. Well-formed structure of the control system, which also needs to be taken into
account in the studies, allows to coordinate the work of all the components of the MFM.

Research methods

Methods of mathematical and computer modeling, methods of solving ordinary
differential equations and differential equations in partial derivatives were used to study the
dynamics of compressed air in the cavities of the pneumocylinder. In the study of the layout
of MFM packaging machines, the theory of automated control of electropneumatic position
drives is used.

Results and discussion

The first stage requires the analysis of classical methods for describing the work of the
MFM output working links. The graph (Figure 1, B) show the 3 stages of changes in
kinematic parameters of the output link. At the real technical systems, according as that the
control module is taken into account, the similar graphs can be divided into 4 stages:

— the time of the preparatory period of the forward stroke t.
- the time of the working stroke of the piston ty;
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- the time of the preparatory period of the reverse stroke ty, which is connected with the
time of receipt of the control signal for the operation of the pneumocycler rod;

- the time of piston motion in the reverse direction tiv is determined by a common solution
of equations (3) — (5) with the help of the ECM.

The second stage consists of studying the movement of the stem of pneumocylinder, it
is the MFM output links. We have chosen the law of the stem movement due to the necessary
productivity. This is a special case of the optimal speed of the process of load movement,
which allows to achieve maximum productivity of the actuator.

In the implementation of the studied of movement law of the working output link of the
MFM (Figure 2), the inertia of the positional electro-pneumatic actuator control system is
taken into account. The structure of control of the system (Figure 3) is analyzed, with the
condition — to ensure the presence of the driving force Q (acceleration X) in the initial stage
of motion.

To compile a mathematical model of the MFM output link, the assumptions are made:
— taking into account the external force on the piston rod until the resistive force Q(x),

(Figure 2), does not increase to the value corresponding to the required acceleration X.

— the change in the value of acceleration of the piston and the rod of the pneumocylinder
from the maximum to the minimum value is considered at the moment of disengagement
of the driving force. It requires an instantaneous increase in pressure in the exhaust flat.

The classic graphs of the movement laws of the working links (Figure 1b) do not take
into account the transitional stages of the work of the technical system as part of the control
module. Therefore, we have chosen to compile a mathematical model of the work of the
initial working link, it is the combined law of the movement of the rod into the electro-
pneumatic positional actuator. The graph (Figure 2) describes the working and idle
movement of the piston rod in the operation of control elements, it is electromagnetic relays
of the control system, the scheme of which is shown on (Figure 4).

Thus, the solution of the problem is reduced to the solution of the optimization problem
with initial conditions, that are not equal to zero, followed by smoothing the discontinuous
function at the time of switching off the driving force. The movement of the piston of the
positional pneumatic actuator (Figure 2) consists of four stages:

Stage I is initial. The using a control signal from electromagnetic relays of an
electropneumatic distributor — and the driving force increases (Q < Q(x) < Quuax)- The
movement law of a piston pneumoscilinder acquires a parabolic form. The work of the
working link begins.

Stage 11 is intensive acceleration. It finishes with the disappearance of the signal of the
control electromagnet (first solenoid). The driving force is constantQ,,,, = const). The
stage condition: Q,,,- is the maximum driving force, developing by pusher, does not cause
deformation of the artificial product.

Stage II1 is transitional. The using of the electromagnetic relay of the electropneumatic
distributor (second solenoid).Driving force decreases (Qnq = Q(x) = Q) asaresult of the
resistance of the compressed air of the rod chamber of the pneumocycler.

Stage IV is characterized by a reverse movement of the rod, which is under the influence
of intense deceleration. The stage is completed when the control signal from the second
solenoid is turned off.The driving force is zero (Q = 0). It is necessary to ensure the integrity
of the load from the pusher. The boundary conditions in this problem are as follows:

t=0,¥=0x=0x=0; X =%,; x=0;, x=2S.

where S is the value of the movement of cargo from the initial position to the final; X;y is

the value of the load acceleration at the stage of intense deceleration.
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Figure 2. Combined law of motion of the driving link in the MFM positional actuator with
taking into account the receipt of control signals from electromagnetic relays of the
electropneumatic distributor

According to the equation (4.1), there is no time in final conditions for which the load is
moved. This is explained by the fact that during a four-stage mode, the time of movement is
determined during the task execution. The variable quantities are set depending on the
parameter x, the equation of the piston motion of the pneumatic actuator of two-way action
will have the form:

mX = p; (X)F;-p,(X)F,-P(x) (3)
where m — the mass of the product; pi, p> — pressure of the piston and stomach cavity, F;, —
square of the piston pneumocycline.

We obtain expressions, which characterize the change in pressure as a function of
displacement, respectively, for the working and exhaust cavities

o X [f o (5,) 2 Pl] 4)

dx Xg1t+Xx F;
3k-1
dp, _  k__|=UsKp,*F JRTw) 1 (%) + P 5
dx  S+xgp—x szgf'l)ﬂk x(p 8, 2 ®)

where k — air adiabatic coefficient, X1, X2 — initial and final coordinate of the piston
movement, R — gas constant air, Ti, — air temperature, pm — pressure of the pneumatic line;
¢ (81) — is cost characteristic of the section.
According equation (5), the pressure in the exhaust cavity is:
P,(x) = (P,(x)F;-mX-P(x))/F, (6)

After differentiating the P, (x) function by the variable x, we have:
P, (x) = (P, (x)F;-mX-m&-P(x))/F; (7
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According equation (4.4) the effective area of the exhaust hole is
_d_p S+xg2—x] . (k—-1)/2k
fze — [PZ dx k ]Xszm

8
kp§3k_1)/2k RTm(P(g—:) ( )

Thus, having the equations (3-8), which are describing the parameters of the positional
pneumatic drive depending on the variable x, we can proceed to the definition of the
equations characterizing the movement of the moving load on a fixed flat (Figure 3).

_____________________________________________________
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Figure 3. The generalized scheme of the load movement on a fixed flat in the layout with the
structural scheme of tracking the piston movement of the pneumocylinder

Figure 3 shows the circuit diagram of the electro-pneumatic positioning actuators of the
packing machine. Actuators are built by combining into a single module a pneumocylinder,
reliable and inexpensive serial electro-pneumatic distributors of discrete action, precision
piston position sensors and a controller that implements the algorithm of digital relay control.

To stop the object at different points, feedback from the continuous action sensor is used
that measures the current state of the piston relative to the base value. The pneumomechanical
subsystem consists of a piston with a rod, a mechanical control object and equivalent
pneumatic springs in the cavities of the pneumocylinder. The control effects, ul and u2, are
on the two pressure control modules, which are implemented programmatically by using the
control distribution control block. To achieve high speed drive and obtain the maximum
range of force control is advisable to provide a consistent change of effects ul and u2 in
accordance with the equation:

U, = Uy + 6p s

9
u2=(uo+5o)'§_z- 2

This equation is used the input action of the mechatronic FD §, and the reference value
uy, which sets the pressure in the cavities of the pneumocylinder at zero input action, taking
into account the difference in the piston area from the rod cavity S; and the piston-free cavity
S>. The presence of a MFM with a positional actuator is a distinctive feature of the proposed
new structure of the mechatronic FD.

Consider the law of movement of the leading link as a part of the mechatronic FD. It
requires:

—  to find the time 7,, of load movement in the optimal speed of the two-stage mode to
set the required value of xj of load movement at the first stage I in a four-stage mode;
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—  to determine the equations on the basis of the obtained value xj, describing the
kinematic parameters of the moving load at first stage in the four-stage mode, and also
the final conditions for this stage;

—  to consider the load movement as a three-stage and to determine the shutdown time of
the driving force and the total time of movement. In this case, the final coordinates for
the stages I and III of the three-stage mode of motion coincide with the final coordinates
for stages I and IV of the four-stage mode of movement;

—  to determine the equations describing the load movement at II and IV stages, and then
at III stage for a four-stage mode of motion.

This sequence of tasks is connected with determining the initial and final coordinates of
the load movement for each stage and with the searching for integration constants.
The time Ty, of the load movement at optimal speed in two-step mode (Figure 4, 8, a) is

determined by the method [9].

28
P — 10
gf(1-megf/Q) (10)
where S is value of load movement (piston stroke); m.. is load weight; f'is the coefficient
of friction between the bearing surface of the load and the displacement flat.
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Figure 4. The structured control scheme of the power part of the positional pneumatic actuator
with dynamic load:
1 — control divider 5/3 with closed lines in the central position, 2 — air preparation unit,
3 — controller, 4 — control signal converter of the automated control system.

In the Table 1, for ease of use, the equations, describing the kinematic parameters of a
moving product (piston) in a four-stage mode, when T and Qmax are known.

The changing of parameters of the movement product process on a fixed flat and the
operating parameters of the positional actuator when Qmax = 20 H; weight of artificial
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product m. =0.5 kg; f=0.3; S=0.2m; F; =4,9-10* m?;, F, = 3.77-10* m?;

f¢ is variable, depending on the diameter of the main pipeline; P,=5-10° Pa;
m=mg+m,= 0,5+1,5=2 kg, where m,= 1,5 — the mass of moving parts of the
pneumocylinder; Py = 20 N — is the dynamic load of the pneumocylinder is shown in
Figure 5.

Table 1
Calculation formulas for determining the kinematic parameters of the moving load by a
collision mechanism with a pneumatic actuator in the implementation of the motion law
approximating to the optimal velocity

Stage Calculation formulas
I Initial conditions: t =0; x =0; x =0;¥x=0

¥y = A, -sin(a;x) ,a; = X ;
Ik

A
Ay =%y % = Z-a—l-(l—cos(al-x))
1

_ dx
" of \/22—? (1 — cos(a, - x))

Final conditions: t;, = t;; X = Xy X = Xy X = Xpee

11 Initial conditions: tHH = tl; XHH = XH; )'(HH = )'(IK; Xirr = Xik-
. Q . . Q .
Xn=-—==gf; Xn =\/xzm+2'((m__g'f)'(x_xuﬂ))s
_ xllK B xllH
=7
m. 9

Final conditions: tllK = tl + tl, jélll( = jéll; X = J'C"K; X = Xyrx
Initial conditions: t;ypy = typg Xppm = Xine Xpm = Xine Xrm = X

1 ¥ = Bz + As - sin(qs - x + b3)
| %] + 1%y 1% + 1%,v]
Ay=——— By=——F—— by=m—a;*x,
0 = 0.45  (Dap + Dox) “ k- Fy — Py - F1 (5 + Xgp — X)
’ (S+x02—X)'m'A3
X A Xi1®
Xpp = |2+ (Bs(x — xppp) — a_3 -cos(as - x + b3) + >
3
X3u
dx
tin = 1

. 2
X 2 (By - (x = Xppp) — 52+ cos(ag - x + by) + T
3

Final conditions: ty;, = t; + ty + typ Xk = Xivs X = Xine X = Xjyix

v Initial conditions: tIVH = tlllK; jéIVH = jé"/; J'C,VH = xlllK'; Xy = X1k

¥y=—g-f; Xw=+v2-9-f(s—%); tlv=xWH/g-f

Final conditions: tyy, = Ty Xyx = X1v; Xiyx = 0;X =5
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Figure 5. The generalized results of the modeling of the kinematic load and the pressure
variation of the working position pneumatic actuator (without taking into account h — the
coefficient of viscous friction of the piston in the pneumatic cylinder) with the minimization of
the movement time of the artificial product:

a — the diameter of the pipeline is 10mm, f;°= 7.854-10~ m?,

b — the diameter of the pipeline is 8 mm, £;° = 5.027-10° m?,

¢ — the diameter of the pipeline is 6mm , f;°=2.827-10° m?,

d — the diameter of the pipeline is 4mm , f;°=1.257-10"° m?

x —the coordinate of the piston movement (m); V — the speed of piston movement (m/s); Dx — the
acceleration of piston movement; P — pressure in the piston chamber of the pneumocylinder (Pa); P2 —
the pressure in the rod end of the pneumocylinder (Pa); t — time movement (s).
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Thus the resultant of all resistance forces at I, II and III stages of the kinematic links
movement:

P(x) = Pfrictionforce + (m.+my)x + m gf + po(F, — F3) (11)

The resultant of all resistance forces at stage I'V:
P(x) = Pfrictionforce +muX+pa(Fy— F) (12)

Figure 5 shows the graphs of the dependence of kinematic parameters from the time of
movement of an artificial product in the implemented mode and the pressure change in the
working cavities of the pneumocylinder (the power part of the position actuator).

Conclusion

The output link movement of the experimental MFM, the pneumo-cylinder rod of the
electro-pneumatic positional actuator are implemented and mathematically described. The
conditions of the initial difference of air pressure are taken into account. The mathematical
description of the rod movement law, which is optimal for the speed of action, is obtained.
In the obtained results, it is clearly observed that when the exhaust section of the working
cylinder of the positional pneumatic actuator is narrowed, the value of the inertial component
at stage 4 (deceleration) increases. In addition, given the complexity of the working
environment, — compressed air — it is necessary to apply the additional parameters: viscous
friction coefficients of the working kinematic pair of piston-rod, resistance coefficients in the
exhaust section in the implementation of the fourth stage of motion.

The movement of products on a fixed reference flat by a mechanism of collision with an
electro-pneumatic positional pneumatic actuator with consideration of the control system is
researched.

The proposed analytical dependences allow:

—  to set the working body the law of translational motion, approximating to the optimal
speed, without exceeding the maximum permissible dynamic load for the moving load;

- to move the artificial product from the initial position to the final in the shortest possible
time for the pneumatic actuator;

- to analyze the existing structures of operating actuators with pneumatic actuators.
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Introduction. The work deals with the research on the
kinetics of constituent stages of the combustion process of
biomass as an individual fuel and as blends with low reactive
anthracite coal from the Donetsk Coal Basin.

Materials and methods. The samples of biomass (including
the wastes of agricultural and food industries) and Ukrainian
from the coal Donetsk Basin were studied by means of non-
isothermal TGA. Kinetic studies of the samples was carried out
on the Paulik-Paulik-Erdei Q-1000 system derivatograph with
the integrated complex of the synchronous data analysis of the
STZ 449 Jupiter NETZSCH in the air atmosphere with the
heating rate of 20 °C/min within the temperature interval 25—
1000 °C.

Results and discussion. Raw data were processed and
generalized within differential and integral approaches. It has
been shown that the differential method of data processing has
to be used coupled with the determination of current normalized
values of mass change rate derivative, which presents a serious
difficulty. In this respect the integral approach looks more
acceptable. Comparison of approximations has been presented.
It has been shown that the Coats-Redfern approximation in a
form of a series does not increase the approximation accuracy if
an increased number of the series members is taken into account.
The appropriate range of correlations has been determined by
means of the parameter E/RT>4 which is valid for the
dehumidification and devolatilization regions. For the processes
of the coke burnout the correlation of Senum-Yang looks more
appropriate.

The obtained set of kinetic constants were used with the
appropriate form of the Arrhenius type differential equation and
the sample mass loss thermal histories were calculated. The
deviation between calculated and experimental values of the
sample mass loss does not exceed 10% within a whole
temperature range 0—700 K.

Conclusions. The methodology of the constituent stages
distinguishing and obtained kinetic constants can be used in
engineering calculations of the combustion constituent stages
duration and fuel components balance as well as development of
process sub models for 3-d simulations.
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Introduction

The design of high-performance burners and furnaces should be based on the
calculations of the current and local distribution of fuel and oxidant components, the intensity
of reactions and heat generation across the device's zones. This, in turn, involves the need to
determine the duration of individual stages of the combustion process, comprising in
succession: dehydration, volatiles release and coke residue burnout. Thus the knowledge of
the adequate values of the kinetic constants of separate stages of the overall burning process
of solid fuel becomes critical in the design calculations of burners and furnaces. It should be
noted that today the topics of the kinetic studies of solid fuels thermal degradation became
an undisputed leader among the research in the field of thermophysics of combustion and
multidisciplinary studies on the processing and preparation of solid fuels in the energy sector
[1-8]. This is due to the involvement of a variety of biomass types which is used as an
alternative fuel in the national energy sectors of countries, both for the purpose of
substantially expanding the market of energy resources and with the need to utilize a large
amount of solid household waste, waste from the agrarian and food industries [1-7].Wide
implementation of co-combustion technologies into the national power sectors renders
revitalization effect on the environments, since the said technology allows a significant
decrease of harmful substances release primarily into the atmosphere [10]. Knowledge of
kinetic parameters becomes especially critical when designing units for co-firing of coal and
solid biomass, especially for the pulverized coal combustion, since shredding biomass to the
fineness of pulverized coal dust appears cost prohibitive. The technologically attainable sizes
of crushed biomass typically surpass typical sizes of coal dust particles by 2—4 orders. Under
these circumstances, particular attention should be paid to the proper designing of boiler
furnaces and pulverized solid fuel burners to ensure the complete burnout of the coke residue
of biomass.

It is obvious that the critical residence time of biomass particles will be determined by
the duration of the constituent stages of the overall combustion process, which includes
processes of dehydration, release and combustion of volatiles, as well as the burnout of coke
residues [4, 5, 11].

Materials and methods
Experimental Materials

The samples of domestic high-ash and low-reactivity coal anthracite grade (type
ASHA), pine pellets, wheat straw pellets, soy pellets, saw dust as individual fuels and their
blends were investigated. The proportions of coal: biomass 50:50 and 90:10. The data of
technical analysis of the studied samples are given in Table 1.

Table 1
Technical analysis of the studied samples
Fuel type Volatiles (dry) V4% |Ash (dry) A%,% | Moisture W",%
IPine Saw Dust 1 82,93 2,90 8,30
IPine Saw Dust 2 83,06 0,90 10,00
'Wheat Straw Crushed Pellets 74,52 8,90 9,20
Rape Crushed Pellets 73,08 11,20 9,60
Corn Crushed Pellets 70,55 15,00 10,60
Soy Crushed Pellets 73,82 11,80 11,40
IAnthracite Coal (ASHA grade Rus.) 4,690 29,68 1,15
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Experimental setup

Kinetic studies of the samples were carried out on the Paulik-Paulik-Erdey Q-1000
system derivatograph with the integrated complex of the synchronous data analysis of the
STZ 449 Jupiter NETZSCH in the air atmosphere with the heating rate of 20° C/min. in the
temperature range 25—-1000 °C.

Primary experimental data were obtained in the form of spread sheets, as well as in
graphic form. The thermograms of ASH coal and milled pine pellets are shown in Figure 1
and 2. Apparently, the initial data include the curves of the current mass, temperature, mass
change rate (the first derivative dm (t)/dr) and the rate of mass derivative change (second
derivative of mass change in time during the experiment).
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K - 200
0
0 1000 2000 3000 4000 5000
time, s
1 ——current weight, mg ——weight change, CU
weight change rate, CU —— current temperature, C

Figure 1. Derivatogravitogram of anthracite coal thermal destruction

The given in Figures 1 and 2 data for two fuels with critically different physical
properties have qualitatively similar thermogravitograms which, however, differ
considerably. So, assuming that the constituent stages of the general process of thermal
destruction (dehydration, volatile yield, coke-coal residue burning) are described by the
Arrhenius equation according to the model of the first reaction order, then one should expect
a sort of conformity between the sample mass change in time and the character of its
derivative [3, 11]. This implies that, if the process can be described by the exponential
function and the degree of conversion of a particular component ranges from 0 to 1, then the
change of the normalized derivative should be from zero through the local minimum and then
back to zero value. The said would hold true if the process has finished completely. If the
process is being superseded by the next one, then the derivative of the mass change whilst
approaching zero value would not reach it.
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Figure 2. Derivatogravitogram of thermal destruction of pine pellet

This can be clearly seen in Figure 2, line 3 which shows two negative local extremums
associated with the two consecutive processes — demoisturization and volatiles release. It
should be marked that the derivative line 3 whilst coming back to zero value, nonetheless
does not reach it, which signifies overlapping these processes.

In fact, this circumstance is clearly observed for processes only in case of coal biomass
mixtures. For anthracite, it seems possible to identify as a complete process only the stage of
moisture release, since the first derivative curve clearly shows the trend marked above,
Figurel. Unfortunately, the boundary between the stages of volatile yield and the burnout of
the coke residue for anthracite cannot be determined at all, since there is neither a change in
the mass time change curve, nor a change in the derivative curve past 2000c (600° C) can be
traced, (see Figure 1). Proceeding from the above, a number of foreign authors tried to
analyze the entire process of thermal destruction of coal in the range 200 -+ 800° C, as is done
in [12], or to correct the constants by choosing the various orders of the reaction, as model
fitting methods in [5, 6]. However, the authors [12] provide kinetic equations in two
temperature ranges, which indirectly indicate the presence of two distinct processes, and in
[4] the whole destruction zone is divided into the region of pyrolysis and the actual burning
of coke. This approach was accompanied with the introduction of very complex reaction
models. For the pyrolytic region, the authors [4] proposed four separate reactions of the yield
of volatile components and two separate reactions for the coke residue burning zone along
with the two separate reactions for the oxidation medium.

Initial data of the dewatering process for anthracite, pine pellets and their mixtures are
shown in Figure 3.
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Figure 3. Gravitograms of sample mass change in time at a heating rate 20° C/min

For the stage of dewatering, the gravitograms for the significantly different types of fuel
vary quantitatively, although they have similar character. For both individual fuels, an initial
mass increase is observed, which is explained by the absorption of moisture from air,
followed by a decrease in the mass of the sample, the rate of which gradually reaches the
maximum, and then — decreases. The mixtures of two heterogeneous fuels show an
intermediate nature, shifting towards anthracite as its share in the mixture grows. The
comparison of gravitograms and derivatiograms for anthracite and pine pellets is shown in
Figure 4 and 5. The given data are obtained under similar conditions in an oxidizing medium
at a constant sample heating rate of 20 °C/min. As can be seen from Figure 4, the curve of
the derivative of weight change, normalized to the interval from O to -1, is characteristic of
the derivative of the exponential function, but does not reach the 0-th value at the end of the
process, having a specific negative value that testifies to the further progress of the sample
mass loss. This may be attributed to the parallel development of the next process which would
be the stage of devolatilization.
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Figure 4. Thermogravitogram and Derivatogram of moisture release at thermal

destruction of pine pellets
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Figure 5. Thermogravitogram and Derivatogram of moisture release at thermal destruction of
anthracite coal (ASH)

It is quite probable that such a change in the da/dt curve may be attributed to the
beginning of the coke burout. It is wothnoticing, that even a slight share of highly volatile
biomass in the mixture causes a noticeable change in the gravitograms and derivatograms
profile. In Figure 7, all derivatograms have clear minimal values positioned within a
temperature range of 340-350° C. It is also evident that the lower the share of biomass in
mixture, the closer the curve approaches “0”, which signifies that preceeding process
practically approaches its end with the complete exhausting volatiles. Only after this, the
coke burnout stars, which is being proven by the following mass loss of samples.

According to the analysis of the primary experimental data the following conclusions
may be drawn up:

— the derivatograms and gravitograms of anthracite, biomass and their mixtures differ
significantly; for the process of moisture release the curves for all substances retain a
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similar trend with a characteristic minimum of derivatograms, after which the da/dt curve
approaches the 0 value, which signifies exhaustion of moisture in a sample;

— for all samples of individual fuels and their mixtures the completion of dehydration
process coincides with the beginning of the following process of devolatilization, which
is proven by the residual values of da/dt not equal to O;

— the process of volatiles release for biomass and mixtures retain certain similarities insofar
all derivatigrams show local minimum, after which the derivatives approach zero, which
signifies the completion of the process. For anthracite samples no such trends have been
marked, since the derivatogram does not show any marked extremum within a whole
range 350-1000 °C;

— the gravitograms and derivatograms of anthracite coal thermal destruction do not allow
to identify and separate the processe of volatiles release and coke burnout.

Data analysis and processing

Modern TGA and DTG methods coupled with the application of infrared spectroscopy
and differential calorimetry are widely used in almost all physical and technical branches of
science [1-3, 10-14], the substances ranged from food products, polymers and solid
household wastes, biofuels and fossil fuels were analyzed with these methods. Such diversity
caused the need for the development of perfect methods of processing and generalization of
experimental data [3, 5, 11, 13-15]. Following [11, 14], it is possible to provide the following
classification of analysis methods (see Table 2).

Table2
Main methods of kinetic constants determination [1,12]
Model Methods Model Free Methods
Isothermal Dynamic Isothermal Dynamic
Standard Differential: Freeman- Friedmann Kissinger—Akahira—
Carrol Sunose
Coats-Redfern Flinn-Wall-Ozawa

The advantage of a non-isothermal (dynamic) method is thata single non-isothermal
thermogravimetric experiment allows obtaining a set of data related to the sample mass loss
as a result of its heating, which in turn, allow calculating the kinetic constants of a process,
and thus replaces the receipt and processing of a series of isothermal curves. We used non-
isothermal methods of TG analysis for the study of kinetic characteristics of processes of
thermal degradation of fuels, including dehydration and volatile yield and coke residue
burnout. The dynamic TG analysis is applied with further processing of experimental data by
means of one of the following: differential, integral and isoconversional [3,14] methods.
The change in the mass of a solid in a certain process can be mathematically described by
one equation, using physical constants and corresponding model functions [2, 3, 11]:

dm(t
MO - k- f e (1)
dr
dm(t) . . . .
where: ———= - the current at the time of mass of a certain component in the experimental
T

sample; k — constant of the reaction rate; f(m(7))— a function that describes a particular
reaction model.
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The degree of conversion is determined on the basis of taking into account the change
in the mass of a sample at the beginning of the process, at the end of the process and at the
time (7):

o= (my—m_)/ (my—m,), (2)
where: m, - the initial mass of the sample; m_ - sample mass at the end of the process under
consideration; m_ - sample mass at (7).

It should be borne in mind that the term "conversion" in this case applies exclusively to
the process under consideration. That is, in the case of considering the process of moisture
release when the particle is heated, it is about the conversion of moisture, while in considering
the process of release of volatile — this will mean the conversion of the combustible mass of
the sample with the release of combustible gases. The corresponding quantities in (2) relate
solely to a particular process. In this case, the difference in the denominator of formula (2) is
determined by the value of that component of the fuel involved in the transformation.
Obviously, for example for moisture release, it is critical to determine precisely the time of
the process beginning, along with precise values of respective masses of components,
process completion and the start of the next (release of volatile) process and, accordingly,
determining the mass balance of the next reacting component. For dehydration completion,
for example, this is the point where the second derivative of the mass change function passes
through a zero value in the range 170-200 °C, changing the sign from "+" to "-", that is,
where the local reaction rate becomes the minimum value, but would not reach zero precisely,
since the final stages of demoisturization coincide with the beginning of the next process.
The constant of the reaction rate is given in the form of the Arrhenius equation:

k=A-exp(—E/RT)

where: A — the pre-exponential multiplier, 1/s; E — activation energy, J/mol; R — universal
gas star — 8,314 J/(mol-K); T — temperature, K.
Taking into account the Arrhenius equation and (2), equation (1) acquires the form:

9% _ 4 exp(-E/RT)- f(a). (€)
dr

A detailed analysis of the methods for applying the equation (2) for processing the
experimental data of the TG analysis and the analysis of reaction models is given in
[1,3,4,11,12],

When the sample is heated at a constant rate, the dependence of temperature change
over time:

T=p-7t+C, (@)
where f is the heating rate.

Combining (3) and (4) and adopting the first-order reaction model, we obtain

d A -E
= ——-exp[—j-(l—a), 5)
dT B RT
or, after logarithm:
(P92 __E Ly 6)
l-a dT RT
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Equation (6) forms the methodological basis of the differential approach to the kinetic
constants determination on the basis of thermogravimetric studies and is the basis of the well-
known Friedmann method [9, 14].

Despite its apparent simplicity, the Friedmann method has significant drawbacks related
to the need of determining the left side of (6) by the values of current conversion rates and
the derivative of the time-varying mass change function. As stated above, the definition of
the current conversion rate requires not only the measurement of the current sample mass,
but also the determination of the initial content of the component and its total content in the
mixture. In many cases gravitograms show initial increase in mass associated with the
absorption of moisture when biomass is heated. Moreover, it is often impossible to determine
exactly the content of the target component at the end of the process insofar the final stage
of the process coincides with the beginning of the consecutive one. The next critical point of

this methodology is also the need to scale the value of the derivative flT based on the actual

mass loss curve, which becomes extremely complex due to the above mentioned.
In accordance with the integral approach, which has become widespread [7, 9, 14] in
recent years, equations (6) is being integrated

T E
ﬂJ.O —=f-Ln(l-a)= —AJ.O exp[—ﬁde. (7)

Since the expression on the right side (7) does not integrate analytically, a large number of
expressions are proposed for obtaining acceptable approximations, usually in the form of
series or rational fractions [6, 10-12, 15]. In [11] it is proposed to apply the method of

integration by parts. Having introduced a new variable x =27 one obtains.
x €X x
I p( .Let us analyze the function p(x)= j exp( x) which we then
integrate by parts several times:
J-x exp(z—x) e — J-v 2e
© x
x2e™” —2e"' v 6e”
dx = + dx,
J.bo x3 x3 © x4
x6e” 6e™* 6-4
J. e4 d = e4 J. Se d
© X X © x

or in general:

e 2 6 24 a1 1!
p(x)=— (1__+_2__3+HHH +(=1) ITJ
X X X X X

Having taken two members of the series, one obtains the well-known approximation
of Coats-Redfern [7], which leads tothe following:
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e R ®)
i
E
Using n-members of the series leads to the general form of equation:
| Anteep | (AR EL o
E RT

n n— n!
T? (1+Zz(—1) Ix"‘j

The equations (9) and (10) allow determining of the kinetic characteristics based on the
results of TG experiments using only the current mass loss data, without resorting to the
complicated determination of the mass change derivatives over time.

Recently, a number of the Arrhenius temperature integral approximations have been
proposed on the basis of polynomial fractions [6, 13, 15]. The most promising appears the
Senum —Yang approximation [11]:

“x 4 3 2
e ( x* +18x +86x” +96x J 10)
X

X)=
P) X2 Ux* +20x° +120x% +240x +120

Having introduced (10) into (7), one obtains

Ln —Lnd-a) p =Ln(£j—£l : (11)
2 x" +18x" +86x~ +96x E RT
x* +20x° +120x% +240x +120

Thus, in general the determination of kinetic constants by either integral or differential
methods consists in analyzing correlations in the form Y=f(1/T). Where Y is taken equal:

1 d
ln[1 d—;{j,ln[ [j jor right hand side of (8), (9), (11). Experimental data would be
-

max

approximated by linear function of 1/T with the slope of 7 and an intercept — a function of

the frequency factor. Since the correction multipliers in the denominators of (9) and (11) are
the functions of the sought values £ and 4, the application of (9) and (11) can be utilized
through the iterative approach, whereas at first one assumes the values of correction functions
in (9,11) equal unity and determines respective valuesE;and 4, which then are to be used for
determination of correction multipliers for equations (9) or (11) and further allow to
determine the new paired values of E> and 4. The procedure may be repeated until the stated
precision has been reached.
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Results and discussion

Data Generalization

The primary data of the derivatograms were processed according to the differential
method which allowed determining the temperature ranges and mass loss of the individual
stages of samples thermal degradation (Table 3).

Table 3
Temperature ranges and mass loss of individual stages of thermal decomposition of
biomass samples

Thermal Destruction Stage
Dehumidification | Volatiles Release | Coke Burnout

Fuel

Range, °C
Maximum, °C
Mass Loss,%
Range, °C
Maximum, °C
Mass Loss,%
Range, °C
Maximum, °C
Mass Loss,%

Pine Saw Dust 1 |27-120] 65 | 7,20 [120—416|301{79,80(416-697|n/a|13,00
Pine Saw Dust 2 |32-136| 56 | 6,80 [136—404|307|77,20/404-610|n/a|16,00
Wheat Straw Pellets|24—187| 100 | 6,18 [187-440/290(62,60{440-920|n/a|31,19

Rape Pellets 23-194]103 | 9,54 |194-418|303|57,98|418-872|n/a|32,32
Corn Pellets 24-186] 99 [9,44 |186—416|281|58,02|416-940|n/a|32,51
Soy Pellets 23-161] 98 [9,23 |161-404|294|56,79|404—-898|n/a|33,89

As can be seen from the data in Table 3, the coke-ash residue burnout stage reaches a
temperature of 1000 °C. For moderate values of the variable x in (9-11), for which the
temperature integral was approximated, may decrease to 3—3.5. Since the accuracy of the
approximation of the temperature integral (7) depends on the value of the variable and
decreases when the values are lower than 5-6, it is necessary to estimate the approximation
error and the applicability of the Coates-Redfern method for data processing for the kinetics
of burning of the coke residue, that is, at the temperature range greater 600-800 °C. To
evaluate the accuracy of the approximation, the integral (7) was calculated numerically in
Mathcad and compared with the calculated approximation values. In addition, the 1st, 2nd
and 3rd members of the series (10) were taken into account successively. The proposed
Senum and Yang equation (13) is also calculated. Comparison of results in the form of the
dependence of the relative error module on the parameter x are shown in Figure 6.

As it can be seen from the above, the accuracy of the temperature integral approximation
by the series derived above sharply drops down when x lowers below 5. Moreover, since the
series is a sign changing one, the accuracy of the approximation does not increase when the
number of series members taken into account increases. At the same time the accuracy of the

Senum-Yang approximation appears the most reliable even within the range of x lesser than
5.
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Figure 6. Module of Relative Error of Temperature Integral Series Approximation depending
on the number of series members

The character of curves substantiates mentioned above. The divergence between the
curves becomes apparent in the region of 1/T lower than 0.0012, which corresponds to the
values of x (Figure 6) lesser than 5. At the same time, when approximating data within the
lower temperature range, it would be expedient to use the Coats-Redfern method as it is
simpler. It should be mentioned specifically that despite a noticeable difference in the values
of the apparent activation energies, found from data in Figure7, the respective values of the
frequency factor would render the opposite effect, when used in the Arrhenius equation (3)
for the calculations of the degree of conversion rate.

Our experimental data processed as shown above by the successive approximations
method are presented on Figure 7.

Figure 8 shows a series of data for the dewatering stage for anthracite coal grade,
crushed pine pellets and their mixtures. As it is clearly seen, the lines that approximate data
for mixtures are localized between such for individual fuels, which is quite natural. Coupled
kinetic constants are easily derived from the equations presented in Figure 8. It should be
pointed out that all experimental data tend to diverge from the straight lines, which proves
that the complex processes of dehumidification, volatiles release and coke burnout can hardly
be depicted by the first order reactions. Despite marked above divergence, the determined
kinetic constants, being used in calculations by (3) the degree of conversion rate and the
history of sample thermal degradation at heating, show their reliability. The results of
Mathcad calculations of mass loss curves of heated samples are shown in Figure 9.
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according to the experimental conditions for dehumidification and devolatilization stages
with further determination of current in temperature mass loss curve. As it may be seen, the
obtained kinetic constants allow for the calculations of data in close correspondence with
experimental data. The obtained kinetic constants are presented in Tables 4 and 5.

Table 4

Kinetic constants for the dehumidification stage (Coal ASH, biomass and mixtures)

Fuel Frequency Fact., | Activ. Energy, | Temp. Range,
1/s J/(mol-K) °C
ASH Coal 7,432 24917,06 61,6-288,0
Pine Pellet 39483,565 48030,26 46,1-172.9
Straw Pellets 2848,674 40735,27 66,1-166,2
Mix. ASH Pin50/50 5465,239 42043,06 46,8-176,1
Mix. ASH Pin90/10 56,4754 29531,06 50,9-225,5
Mix. ASH Straw90/10 7652,619 45699,56 82,3-185,7
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Table 3
Devolatilisation kinetics of ASH coal, biomass and their mixtures
Fuel Frequency Fact., | Activ. Energy, | Temp. Range, °C
1/s J/(mol-K)
Pine Pellet 20833,67 76562,79 172,9-411,2
Straw Pellets 5,861945 36527,56 166,2-407,6
Mix. ASH Pin50/50 27603,07 76559.,47 176,1-407,1
Mix. ASH Pin90/10 2674782 89092,82 225,5-400,6
Mix.ASH Straw90/10 34136,62 7542295 185,7-379,9

Conclusions

Detailed investigations of the kinetics of individual stages of solid fuel (coal of the
anthracite grade and certain types of solid biomass) thermal destruction have been carried
out.

It has been established that the Coats-Redfern method can be used to determine the
kinetic constants of the process of dehumidification and volatile release during thermal
decomposition of biomass, coal and their mixtures.

It is shown that for the high-temperature processes (burning of the coke residue) a
combined method Coats-Redfern and Senum-Yang of iterative approximation should be
used.

The obtained kinetic constants allow enough precise calculations of mass loss history
of the studied fuels in the determining of the duration of their thermal destruction stages.

The resulting constants can be used in calculations of burners and furnaces.
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Introduction. It is carried out the research of the optimal
control adaptive system of the apparatus of II saturation.
Qualitative indexes of the adaptive control system efficiency
are defined.

Materials and methods. Adaptive control system of a
sugar refinery apparatus of II saturation was studied.
Simulation modeling based on classical and hybrid genetic
algorithms is used to determine the optimal performance
parameters.

Results and discussion. The simulation studies of the
quality of functioning of the structural model of the adaptive
system of optimal control using the classical genetic algorithm
are carried out, as well as the research of the modified genetic
algorithm with the addition in the classical algorithm the
hybrid functions, namely fmincon, fminsearch patternsearch
fminunc.

Adaptive system of optimal control has significantly lower
integral quadratic criterion /= 545 comparing to the existing
one, which integral quadratic criterion /= 658. Moreover,
control time is also reduced. Adaptive control system requires
T = 109 s, while existing control system requires 7 = 212 s.
Usage of hybrid functions allowed to additionally reduce
integral quadratic criterion to /= 529-541 and to speed up the
system, required time 7=98-105 s. Also, a study of the
fmincon method without the use of a genetic algorithm was
carried out, this model showed a lower execution time T = 88
s, but the value of the integral quadratic criterion I = 604 was
higher.

The best results in terms of integral quadratic criterion and
time (/= 529, T = 98 s) were obtained for genetic algorithm
combined with fmincon hybrid function.

Developed adaptive control system for saturator operation
significantly outstands the existing one by all the main indexes.
That is why it is highly recommended to replace control system
on the sugar refinery with the studied adaptive one.

Conclusions. The novelty of the research results is the
scientific substantiation of the feasibility of using classical
genetic and hybrid genetic algorithms in the implementation of
adaptive optimal control systems.
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Introduction

Second saturation apparatus is an unsteady object from the point of view of control —
with time flow its parameters unpredictable alter within wide range. Moreover, it works under
uncertainty of environment parameters, load and raw material quality. Therefore, there is
always a lack of prior information, mathematical models, which describe alterable properties
of the objects and environment, do not exist.

Automatic regulators, which were adopted considering initial values of the object
parameters, cannot provide sufficient control quality under such conditions. In the last several
decades, different improvements for design of control systems were proposed [1-4].
However, the usage of genetic algorithm (GA) in control systems of sugar refinery saturators
was not properly studied. Thus, arise a necessity to improve control algorithms and to provide
adaptive control system [5, 6].

The objective of this paper is to study the saturator’s adaptive control system, which is
based on genetic algorithm.

Materials and methods

The second saturation apparatus is a control object, where filtered juice after the first
saturation reacts with carbon dioxide. As a result of this reaction calcium salts sediment. The
objective of the second saturation optimization is to maximize the sedimentation of calcium
salts. Therefore, the amount of calcium ions in the filtered juice must be minimized [7].

The parametric scheme of a control object is shown in Figure 1.

The main material flow in the second saturator is the flow of first saturation filtered juice
x1. Disturbance of z; group under normal work conditions has no significant influence on the
uniformity of juice flow on the second saturation area.

The more significant is the disturbance of z3 group. However, alteration of these
characteristics takes considerable time. To maintain presets of quantitative indices of second
saturation juice (pi, p2, p3) it is necessary to perform control actions ui, w2, us, us. If
disturbance of a group z; or z; is dire, it is necessary to control juice inflow directly.

If the juice level in the collector before the evaporator is considerable or the group z3
equipment has failed, then juice inflow is limited [8].

The juice pH decrements with the decrement of calcium ions concentration C in the
second saturation juice (curve 1 in Figure 2). Hence, considering the pH measurability during
the production process, this index is used as a state variable. Moreover, calcium ions
concentration and juice pH as well as electrical conductivity X and juice pH (curve 2 in
Figure 2) are interrelated with unsteady extreme dependence. The drift of these
characteristics has the peculiarity that the minimum of both curves always corresponds to the
same value of pH. Considering non-availability of calcium ions concentration sensors, a new
criterion of control can be used — electrical conductivity of a saturated juice. Therefore, a
control criterion of the second saturation process, considering iterative problem solving, is
following:

n—1

1==Y(pH,,,~ pH,) —min (1)

I |~

i=0

where n — number of pH,,,; determinations at regular intervals A¢ during the saturation process
n = TIME/At; TIME — saturation process duration [9].
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Figure 1. The parametric scheme of a second saturation apparatus:

z1 — disturbance, caused by the material flow rates alteration of:

x1 — first saturation filtered juice, m’/h;

x2 — lime milk, m*/h;

x3 — carbon dioxide, m’/h;

x4 — sulphur dioxide, m’/h;

x5 — filtration sediment, m*/h;

x¢ — juice to clear yellow sugar, m’/h;

x7 — evaporated water, m’/h; in the second saturation apparatus;
y1 — sulphited juice output rate, m3/h;
z, — disturbance, caused by the alteration of:

z4 — carbon dioxide concentration in the saturation gas,%;

zs — lime milk density, g/cm?;

z6 — lime milk contamination,%;
z3 — disturbance, caused by the alteration of characteristics of:

z7 — pumps;
zg — heaters;
zg — filters;

z10 — second saturation apparatus;

z11 — equipment serviceability;
TC — technical constrains of n; — sulphited juice level in the collector, m;
u — control action to maintain presets of flow rate of:

u; — first saturation filtered juice, m/h;

uy — lime milk, m*/h;

u3 — carbon dioxide, m’/h;

us — sulphur dioxide, m3/h;
TI — technological indices:

p1 — environment reaction, pH units;

p2 — second saturation juice purity,%;

p3 —environment reaction of sulphited juice, pH units.
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A well-known regression model describes the dependence of the pH value on the
consumption of saturation gas (Fy,), the temperature of the diffusion juice (7%), the density
of limestone milk (Cco»),the lime milk consumption (Fc.0), the density of dry matter (Cem)
[17]:

PH(Fsq, Ty, Ccoz, Fcao, Cam)=-15,01 - 54,123F - 34,982T 4+ 0,982Cco2 +
+6,862Ccp+ 71,936F cao- 3,973F g Tyj+ 7,946FxCcoz + 28,361 FgCam -
- 1,804FgF cao- 1,765T4iCcoz - 9,082T4iCam + 4,095T4iF cao + 9.635CamF cao -
-2.985Ty7 + 4,729F ¢ + 5,028Cc07” - 8,027Can’ + 8,941 Fcud’

C,x

11 10 9 8 7 6 5
Figure 2

Quality pH

0.3 S
Lime milk _ .
consumption  0.31 86  TemperatureT °C
Fim m3/h 030 84

Figure 3. Sensitivity of second saturation qualitative index
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Results and discussion
Optimal control system description

A system of optimal control was built to solve the problem, the structural scheme of
which is shown in Figure 4. Control Computing Complex (CCC) of the system consists of
mathematical model unit (MMU) and optimal control unit (OCU). The former receives
information from sensors at regular intervals and defines current state of the saturation
process, the latter calculates pH,,; and perform a dynamic optimization [10, 11]. Automatic
regulator damps the disturbances, which influence the pH of the saturated juice. There are
few assumptions considering adaptive system modelling. Firstly, disturbances (measurable
and immeasurable) have influence only on the objective function pH extremum drift.
Secondly, information collection, processing and output time is considered insignificant,
comparing to inertial properties of the object, and thus is neglected.

Qc Cine pHs X

| | —

II saturation apparatus
> Automatic Q. - pH _ X

regulator " g
N g
CCC
OCU | MMU |[¢

Figure 4. Optimal control system

CCC solves problem of second saturation process control using genetic algorithm
(Figure 5).

Genetic algorithm explanation

Genetic algorithm is an evolutionary algorithm of heuristic search, that is used to solve
optimization problems by modelling of natural selection, crossover and mutation, which
occur during life of living organisms [12]. GA are effectively used to solve multiple-criteria
optimization problems. A certain amount of chromosomes determines an individual, which
is evaluated with objective function (also known as fitness function). A certain amount of
individuals determines population. During the “evolutionary process” genetic material is
gathered and the algorithm quickly “moves” towards the vicinity of the optimal solution. The
advantages of genetic algorithms include the reliability, the ability to work with discrete and
continuous values, GA finds the solution to the problem, without considering all the possible
solutions. Genetic algorithms are weakly sensitive to local extrema [12].
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Initial generation of a population consists of many problem solutions (also known as
individuals), each with its own set of chromosomes, which is created randomly, usually. Then
every problem solution is evaluated with objective function. Therefore, every set of
chromosomes has its own fitness value (objective function value), which determines how
good each solution to the problem is.

The second generation of a population is created from the selected problem solutions of
the initial generation [13]. Usually better problem solutions (better in terms of the objective
function) have higher probability to be selected to take part in creation of the second
generation. Then the genetic operators, such as crossover and mutation, are applied to the
selected problem solutions [14]. As a result, we have second generation. Every problem
solution of this generation is also evaluated with objective function. Then this process
repeats. Some of the problem solutions are selected to create the third generation, genetic
operators are applied to them and so on.

These actions are iterative modelling of evolutionary process, which are repeated until
the stop criterion is met. A stop criterion can be:

—global optimal or quasi-optimal solution;

—total amount of the generations created;

—total amount of evolution time.

Thus, one can distinguish the following stages of the genetic algorithm (Figure 5).
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1. Objective function formulation.

2. Initial generation creation and its objective function evaluation.

Iterative part.

3. Problem solutions selection.

4. Crossover.

5. Mutation.

6. Objective function evaluation

7. Check if stop criterion is reached.

As one can see it is not necessary to create a perfect initial generation of a population.
GA can quite quickly improve the population due to usage of crossover and mutation
operators. Initial generation H consist of N problem solutions [15].

Crossover, mutation and selection. Genetic algorithm, usually, use two parent solutions
to create one child solution [16]. Different GA have different ways to produce child solutions.
The main requirement is that child solution must be able to inherit genes of each parent
solution. To produce the next generation only the individuals of the current generation is
used.

Control process simulation

The program works as follows:
—initial value pH in is entered before the saturation process start (Figure 6);
—units a1 and b1 generate values (Figure 6);
—genetic algorithm is used to solve (1) and define optimum (Figure 6);
—during the time 7= 100 s unit “Dinamic” calculates transition process considering
pH inand pH opt. Results are shown in unit “Scope”. pH opt is in pH opt array.

BN

p| MATLAB |

X_opt
f > .
Function > Multiply
Constant MATLAB FCN
Product

pH_opt
_a Dinamic
" “! Product1 : I_
4 pH_zad_opt pH E
Scope
I::PH
outl—»{ 9]
s D H_ O
Display
Subsystem

Figure 6. Simulation model
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To simplify the dynamic calculation additional unit “Dinamicl” is used. Its inputs are
static value of pH in and dynamic value of (pH in + pH opt). Its output forms transition
process with duration of 100 s of system time.

Simulation results

Simulation was carried out according to the requirements of the technological process
considering different production peculiarities. Values from the sensors were read at a given
time. That is initial values. Every simulation was carried out for the existing control system
and for the adaptive one. Also, besides classic GA a bunch of hybrid functions were used in
addition to GA: fminsearch, patternsearch, fminunc, fmincon. Eq. (1) was used to assess
control quality. Results are shown in the Table 1.

Table 1
1 T, ¢
Hybrid function Existing Adaptive Existing Adaptive
control control control control system
system system system
None 658 545 212 109
fminsearch - 541 - 105
patternsearch - 536 - 102
fminunc - 537 - 102
fmincon - 529 - 98
fmincon without
GA - 604 - 88

As on can see from the table 1, adaptive control system has significantly lower integral
quadratic criterion /= 545 comparing to the existing one, which integral quadratic criterion
1= 658. Moreover, control time is also reduced. Adaptive control system requires 7= 109 s,
while existing control system requires 7 = 212 s. Usage of hybrid functions allowed to
additionally reduce integral quadratic criterion to /= 529-541 and to speed up the system,
required time 7= 98-105 s. The best results in terms of integral quadratic criterion and time
(=529, T = 98 s) were obtained for genetic algorithm combined with fmincon hybrid
function. If control system uses finincon without GA to solve the problem, then it requires
even less time 7= 88 s, however it can find local optimum while losing a global one.
Considering this flaw, an adaptive control system must use both GA and fmincon hybrid
function.

Therefore, the research objective was met and developed adaptive control system for
saturator operation significantly outstands the existing one by all the main indexes. That is
why it is highly recommended to replace control system on the sugar refinery with the
developed adaptive one.
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Conclusions

Simulation results confirmed that developed adaptive control system for saturator
operation is highly efficient. The best control criterion values of the second saturation process
were achieved when classic genetic algorithm was combined with hybrid function fmincon.
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AHoTauii

XapuoBi TexHosorii

Po3mip i mopdoJioriuni 0c001MBOCTI HATUBHUX FPAHYJI KPOXMAJIIO Pi3HOI0
00TaHIYHOTO0 MOXOIKEHHS

Branimip JliTsix
Hayxoeo-npaxmuunuii yenmp Hayionanvnoi akademii nayx binopyci 3 npooogonscmea,
Mincok, Pecnybnixa binopyce

Beryn. Ilpu po3poOiieHHI CydaCHHX TEXHOJOTIH TIIHMOOKOI IMepepOOKH POCITHHHOL
KpaxMaJjieBMICHOI CHPOBMHM HaWBa)dTUBIIIMM acleKTOM € BHBYEHHS pO3MIpiB i
MOP(QOJIOTIYHOT CTPYKTYPH 3€pEH KPOXMAIIIO.

Marepianu Ta wmetonu. JlocmimpKyBaducs HATHBHI KpOXMali: KapTOIUITHUH,
KYKYPYI3SHUM, TamiOKOBHH, IIICHUYHHUI, PUCOBUMN, MHUTHIH, TOpPOXOBHM, aMapaHTHHHU,
SYMIHHUH, cOpro, TpuTukaie 1 BiBcsHHMH. CKaHyBaJlbHI e€leKTpOoHHI Mikpodororpadii
KPOXMAJIBHUX 3€peH OyJau OTpHMaHi 3 BUKOPHCTAHHSM elIeKTpPOHHOro Mikpockona LEO
1420. Meranizariisi HATUBHUX KPOXMaJIBHUX MperapaTiB IPOBOMIACH 30JI0TOM Y BaKYyMHiH
cucremi EMITECH K 550X.

PesyabraTtu i obroBopennsi. JlociikeHo po3Mipu i Mop(oJIOriuHi 0COOIUBOCTI
3epeH HATUBHOTO KPOXMAJIO Pi3HOro OOTaHIYHOTO MOXO/KeHH. OCHOBHOIO CTPYKTYPHOIO
XapaKTEPUCTHKOI CTPYKTYPH HATUBHOTO KPOXMAJIO, IO BH3HAUYa€e Horo (isuko-ximiuHi
BJIACTHBOCTI, € 3€pHO KpoxMmairo (TpaHyna). BusiBieHO Benuky pi3HOMaHITHICTH (opMm
KpPOXMaJIbHUX 3€peH: IPaBUIIbHI 1 HEIPaBWIbHI OBaIbHI, OKPYIJIi Ta OaratorpanHi. Po3mipu
KpOXMaJIbHUX 3epeH BapiroBaiucs B Mexkax 60,0-0,5 MxM. 3aie:xHO Bifl CEpEIHBOTO PO3MIPY
KPOXMAJIUCTI 3€pHA MOXYThb pPO3TALIOBYBATHCS B HU3XIJHOMY TMODPSAKY: KapTOIUIs
(21,7£1,22), xwuTto (21,2+,36), ropox (20,4+2,57), uyt (14, 8+£0,93), Tputukaie (13,2+1,75),
mrenurs (12,4+1,90), copro (11,0+0,76), stamine (10,9+1,15), tamioka (10,6+0,50),
kykypyn3a (9,8+0,42), osec (7,39+0,87), puc (5,3+£0,29), amapanr (1,1+0,04). Haiioinpmmit
PO3MIp KpOXMaJIbHHX 3€peH BHUSBJIEHO B KapTOIUITHOMY KpOXMalli, a HaiMeHIHH — B
amMapaHTOBOMY. BcraHOBIEHO, 10 Y 7 HaTHBHUX KPOXMaJIiB (COPro, SYMiHb, OBEC, TOPOX,
HYT, aMapaHT i KyKypy/i3a) pO3MOALT KpOXMaIBHUX 3epeH MOHOMOAaIbHUH( 1 -ppakitifiHmii),
y 4 (mueHuIy, TpUTHKalle, KapTOIUIA i Tamioka) — OiMomaibHuil (2-dpakuiiiauii), y 2
(KUTHI 1 puCOBHIT) — TpUMOATBHUH (3-(PpaKIiHHIA.

Jlxepeno KpaxMmaJieBMICHOI CHPOBHHH # OCOOJIMBOCTI CTPYKTYpPHOI oOprasizamii
HAaTUBHOTO KPOXMaJll0 0arato B YOMY BH3HAUYalOTh TEXHOJOTIYHI TNPUHAOMH, SIKi
BUKOPHCTOBYIOTBCS JIJIsl HAWOUIBII IMOBHOI'O 1 OLIA/UIMBOIO BHJIYYEHHS 3€PEH HATHBHOTO
KPOXMAJTIO 3 POCIMHHOI KIITHHH.

OCHOBHOIO CTPYKTYPHOIO XapaKTEPUCTUKOIO HATUBHOT'O KPOXMAJTIO, 1110 BU3HAYA€ HOTo
BJIACTHBOCTI, € KpoxMajbHe 3epHO. OcoOIMBOCTI po3Mipy i (OpMU KpOXMaJbHUX 3€peH
00yMOBJIIOIOTh TaKi BJIACTHBOCTI KPOXMAJl0: MOJEKYJspHA Maca, KiJIbKICTh 3B'S3aHOL
BOJIOTH, TEMIIEpaTypa KeJaTuHi3amii, CiiBBiIHOMEHHS (paKiidi KPOXMAIO 1 MIIBHOCTI iX
yKIaJaHHS B KPUCTAIIYHUX OOJIACTSAX, PEONIOTIUHI XapaKTePUCTHKU KPOXMaJbHUX
KJIeHCTepiB.

BucHoBkn. Mopdosoriss KpoXMallbHUX 3€pEH PI3HOrO0 OOTAaHIYHOTO MOXOIKCHHS
iCTOTHO BiApi3HAETbCA 3a po3mipoM (60,0-0,5 MkM) i ¢dopmoro (OKpyria, OBajbHA,
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HerpaBWwiIbHOI  (opmu). Po3Mip TpaHyn KpOXMajal0 € OCHOBHOI CTPYKTYPHOIO
XapaKTEePUCTUKOLO, 1110 BU3HAYAE (i3UKO-XIMIUHI BIIACTHBOCTI KPOXMAaJIbHUX KIICHCTEPIB.
Kunro4dosi ciioBa: kxpoxmans, mopghonoeis, epanyna, po3mip, popma.

XimiuHuii ckiIaj i 3acTocyBaHHs KBIiTiB poOiHii 3Bumuaiinoi (Robinia pseudoacacia L.)

Cranko Ctankos', Xagize ®igan', Tans Isanosa',
Anbena CrosHopa', Cranka JlamsHoBa?, Mukona Jlecuk’
1 — Vuisepcumem xapuosux mexnonoeitl, [lnosdus, bonreapis
2 — Pycencokuil ynisepcumem «Aneen Kanueey, ghinis 6 m. Pazepao, boneapis
3 — HayionanvHuil ynisepcumem xapuosux mexnonoeit, Kuis, Yxpaina

Beryn. [lpoBeneHo mociikeHHsT 3 METOIO BH3HA4YE€HHS XIMIYHOIO CKJIamy Ta
010JI0riYHOT aKTUBHOCTI KBIiTIB pOOiHii, BUpomieHux y bonrapii, Ta MpoIyKTiB 3 HUX.

Marepianu i meTogn. Cupony OTPUMYBaJIHM E€KCTPAKIIEI0 H-TEKCAaHOM. Y CHpomax 3
PI3HOIO KOHIIGHTpAIli€l0 Bu3Hayanu xiMiuyHud ckimaa 3a GC-MS, a Takox BMicT
nomieHoIiB, aHTUMIKPOOHY Ta aHTHOKCHUJIAHTHY aKTUBHICTb.

PesynbraTi i o6roBopenHnsi. Buxin cupony ckinas 1,06%. OCHOBHI CKJIaZIOBI CHPOITY:
n-HoHako3aH (25,18%), H-renrako3aH (20,10%), o-miHonenoBa kwuciota (5,97%), n-
neHrako3aH (4,98%), namemiTHHOBa KucioTa (4,92%), mumszooktwidranar (4,05%),
rekcaruapodapuesmn aneton (3,86%), miHomeBa kuciora (3,64%), 130MPONMMIMIPUCTAT
(3,47%), 1 n-rentpuaxoran (3,39%). Cepex KOMIOHEHTIB CHPOIY HAWBUIIMN BiJCOTOK
3arajgbHUX anmidaTtuyHuxX ByrineBomHiB — 61,50%. Y mocmimkyBaHHX 3pa3kax KBIiTiB poOiHii
HaANOIIbIIE TAKMX MIHEPAJIiB: HIKEITI0, MiJli, KAJIBIIIO 1 XpOMY.

Binbin BHCOKI 3HAaYeHHS ()CHONBHUX CIONYK BHUsBIIEHO Yy KBitax (0,77 mMr GAE/mi),
TOJi K y cuporti 3 poOinii 60 °Brix — 0,06 mr GAE/mu, cuponi 3 po6inii 70 °Brix — 0,14 mr
GAE/min. 3pa3ku CHpONy MaroTh aHTHMIKPOOHI BJIACTHBOCTI IOJ0 MATOTCHHHUX OakTepiit
Salmonella, E. coli i L. monocytogenes.

BucnoBok. KBitn po0iHii 3 ormsmy Ha XiMi4Hi 1 010XiMiYHi BIaCTHBOCTI MOXKYTh OyTH
PEKOMEH/IOBaHi SIK OTEHIIHA CUPOBHHA ISl XapuoBoi, (hapMalleBTHYHOI Ta KOCMETHYHOL
TIPOIYKIII.

KurouoBi ciioBa: pobinis seuuaiina, keimka, ekcmpakm, Ximis, CK1ao.

BB TeXHOTOTIYHUX BJIACTUBOCTEH i peskuMiB 00poOKH Ha eeKTUBHICTH JyIICHHSA
HaCiHHSI TOPOXY

Crren Xapuenko', Aunpiit Illapan', Banentun Yopnuii!, Onena Cpemeena’
1 — Hayionanvnuii ynieepcumem xap4o8ux mexmonoeii
2 — Vmancoxuil HayioHanbHull yHigepcumem cadisHUYmMad

Beryn. Ilporiec nyiieHHs 3epHa TOPOXY € MaJIO JOCHIDKEHUM, Yepe3 M0 BUHUKAIOTh
CKJIJIHOIII MOJIEITIOBaHHS TEXHOJIOTIYHOr0 Ipoliecy B mioMy. IlpencrasieHi pe3ynbratu
JIOCITIJDKEHHSI TIPOLIECY JIYIEHHS HACIHHS TOpPOXY HNAlOTh 3MOTY 3pO3yMITH IOBEAIHKY
HACiHHsI TOPOXY ITiJ] Yac HOro JIyIIeHHs B MallliHax 3 aOpa3sMBHUMHU POOOYHUMH OpraHaMHu.

Martepianu i metoau. HaciHHs ropoxy pi3HOi KPYITHOCTI Ta BOJOTOCTI JIYIIMIIU B
na0opaTopHiH JymuibHii MammHi. [TpoayKTH JIyIeHHs] O4UIIaIn B acIipaliiifHOMy KaHai
BiJl JIy3TH Ta MYYKH, MICIIi YOO 3Ba)KYBaJM 1 BH3HAYAJIM 1HIEKC JIYIICHHS. 3MiHIOIOYH
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BOJIOTICTb 1 KPYIHICTb HACIHHS TOPOXY, HIBUAKICTh 00epTaHH pOOOYOro OpraHy JyHNIHIbHOT
MAallliH{, TPUBAIICTE OOpOOKM Ta KOe(IIiEHT 3amOBHEHHs po0OYOl KaMepu MAIlMHH,
BH3HAYAIIM BIUTMB BKa3aHUX NapaMeTpiB Ha €(DEKTHBHICTB JIYIICHHSL.

PesyabraTu i odroBopennsi. BcraHoBieHO, 110 301BIIEHHST TPUBAIOCTI 0OpOOKH,
BOJIOTOCTI HACiHHS TOpOXY, IIBHIKOCTI oOepTaHHS poOOuYMX opraHiB 1 KoedilieHTa
3arOBHEHHSI po00Y0i KamepH JYHNIMIbHOI MaliMHHU 301UTbIIYIOTh €(DEeKTHBHICTD JYIIEHHS
TOpoXy 3a JIHIHHOIO 3aJIeXHICTIO. 30LIbLICHHS KPYITHOCTI HACiHHS TOpOXY CIpHsE
3011bIIEHHIO e()EKTHBHOCTI JIYIIEHHS TIEPEBaXKHO 32 PaXYHOK 30UIBIIEHHSI BUXOIY JPiOKH.
301IbIIEHHST KPYITHOCTI 3€pEH IPU3BOANTD 10 3HIKEHHS 1HAEKCY JIYIICHHSL.

BonHouac i3 miaBHIIEeHHSM e(eKTUBHOCTI JIYLIeHHS 301IbIIyeThCs 1 BUXiJ OPiOKH 3a
PpaxyHOK sipa. 31 3pOCTaHHIM BOJIOTOCTI HACIHHS TOPOXY BUXiJ] JPiOKM 301IBIIYETHCS, KO
MOPIBHATH 3 JIYHICHHSM CYXOro TopoxXy. Buxim mnimoro siapa mpsMo HpONOpLidHHNA
3HW)KEHHIO BUXOJy HENYIIEHUX 3epeH. Buxij npiOku Takox Mae JiHIHHI 3aJeKHOCTI MpH
3MiHI HaBE/IECHNX MTapaMeTpiB.

Y nporeci JyIieHHS BiAOYyBa€ThCs 3HIDKCHHS 30JIBHOCTI s/pa,  HapajeibHO
3MEHIIYETHCS 1 30JIBHICTD JIY3TU Ta MYYKH, IO € PE3YJIbTaTOM IEPEX0ay HU3bKO30JbHHX
YAaCTHHOK si7Ipa B MY4KY.

BucnoBku. [[ns edexkTHBHOro IylIeHHS HACIHHA TOPOXY HEOOXiTHO IPOBOAUTH
nmymenHs npotsirom 10—15 ¢, xoedinieHT 3aNOBHEHHsSI MalllMHA NOBUHEH OYTH HE MEHIIe
0,48. HacinHs ropoxy 3 aOCOMIOTHOO Macoro 257 T ymaThes Kpalie, HiXk HaCIHHS TOPOXY 3
abcoIoTHOIO Macoro 213 1.

Kunrouosi ciioBa: copox, aywenns, A0po, 3016Hicmb, 60102icmb, 1y32d, MyuKa, OpioKa.

Bu3znaveHHs 0i0TeXHOJIOTIYHUX MApaMeTPiB 1Jisl KYJbTUBYBAHHS MOJOYHOKHCIUX
OaxTepiii i3 KO3I40ro MoJIOKa

Hina Borman
Hayxrogo-npaxmuunuii incmumym cadisHuymed, UHo2paoapcmead i Xapyosux mexHonoeit,
Kuwuney, Pecnybnixa Mondosa

Beryn. Mera nocinipkeHHST — BCTAHOBUTH ONTHUMAaJIbHI YMOBU KYJIBTUBYBAHHS JIJISI
BHU3HAYCHHSA ©(EKTHBHOCTI PO3BUTKY MOJIOYHOKUCIIUX OaKTepii, BHIUICHHX 13 KO3S4OrO
MOJIOKa.

Marepianu i meromu. KynbTHBYBaHHS INTaMiB TPOBOJWIM B CTEPUITI30BAaHOMY
CepeoBHIIi 3 KO35MOro Mosoka 3a temieparypu 3042 °C. Jlns BU3HAYEHHS MapaMeTrpiB
OyJI0 BCTAHOBJICHO MEPIOTUYHE KYIbTHBYBaHHsS B Oiopeaktopi Sartorius Biostat® A plus.
KinbKicTh KITITHH MOJIOYHOKUCITUX OaKTepiii BU3HAYAIM METOIOM ITiJPAaXyHKY B YaIliKax.

Pesyabratu i odroBopennsi. IloBinbHe 3HWkeHHs pH mix 4Yac KyJabTUBYBaHHS
crocTepirajocss B yciX BimiOpaHux InTamax. MoJOYHAa KHCJIOTa HAKOIMUYyBaJlacs
MIPOITOPLIHHO 0 YOTHUPHAIUATOI TOAWHH KYJIbTUBYBAHHS, IO CBIAYUTH NPO IHTEHCUBHHI
PO3BHUTOK MOJIOYHOKUCIHX OakTepiif. AKTHBHUHA PO3BUTOK XapaKTEPH3YEThCS MOMipPHOIO
KHCJIOTHICTIO ()epPMEHTOBAHOT'O MOJIOKA.

JlaHi AMHAMIiKK PO3BUTKY LITAMiB i HAKONMWYEHHS 0iOMacH B CEPEHOBHII 3 KO35 YOO
MOJIOKa ITATBEPAWIA OTPHUMaHHS MAaKCUMaJbHOI KIJBKOCTI KIIITHH MOJOYHOKHUCIIUX
6akrepiit Ig KYO/r.

BopaHouac mpoBeneHO perpeciiHuil aHali3 3HA4YeHHS MUHaMikk pH 1 jKATTe3maTHUX
KJITHH Ul TOYHOTO OMHCy pe3ynbraTiB ekcnepumMenTiB. [lItamu CNMN-LB-73, CNMN-
LB-74, CNMN-LB-77 i CNMN-LB-78 maroTh TO4YHY JiHit0 perpecii B auHamiii pH, a
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mramu CNMN-LB-73, CNMN-LB-74, CNMN-LB-75, CNMN-LB-76 i CNMN-LB-78 — y
JTUHAMII PO3BUTKY KIITHH. CTafii po3BUTKY IITaMiB CIIOCTEPITaIHCs MiCIs JeCATOl TONUHH
kynbTuByBaHHs. Y mramiB CNMN-LB-76, CNMN-LB-77, CNMN-LB-79 ¢a3a
YIIOBUTBHEHHS 3pOCTaHHs TMouanacst yepe3 12 roauwH KynbTHBYBaHHS, a y mtamiB CNMN-
LB-73, CNMN-LB-74, CNMN-LB-75, CNMN -LB-78 — uepe3 14 ronun. lle niarepkye,
10 BOHM OLJIBII CTIilKi IO CEpeIOBHIIA 3 IiIBUIIICHOIO KUCIOTHICTIO, HIXK IITAMH, OIKCaHI
IHIIIMMU aBTOPaMHU, JIc PO3MHOKEHHS KJIITHH criocTepirajiocs no pieus pH 4,7.

BucnoBkn. B ymoBax mepiomMuHOro Ky/NbTHBYBAaHHS BH3HAueHi OlOTEXHOJOTIYHI
rapameTpy KyJITbTHBYBaHHS MOJIOYHOKHCIHX OaKTepi i3 Ko3suoro Monoka. OTpuMaHi naHi
i ATBEPAMIIA BaXKJIMBI O10TEXHOJIOTIYHI BIACTUBOCTI BUAUICHHUX IITAMIB.

Karo4dosi ciioBa: monoxo, xo3a, kucio-monounuil, baxmepis, 6iomexHonozis.

Oco01uBOCTI 3MiHH XIMIYHOI0 CKJIaAy ATi AKypaBJIUHHA 00JI0THOI y mpoueci
OTPHUMAHHA MIOpe

Bipa O6onkina, Osnena Koxan, Isanna CusHiit, Ipuna Kpanusauipka
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpoBemeHi JOCHIDKEHHS 3 METOI0 BCTAHOBJICHHS BIUIMBY TEXHOJOTIYHOI
00pOOKH MpoIIECiB OJIAHITYBAHHS Ta Jeacpallil Ha XiMIYHUM CKJIa IMOPe 3 ATi )KYpaBIHMHU
00JIOTHOI.

Marepianu i meromu. JlocmimkyBanu mope 3 ATiM KYpaBIUHA OOJOTHOL, IS
imeHtudikamii OiodaaBaHOIMIB 3aCTOCOBYBaJd METOAM BHUCOKOC(HEKTHBHOI piTUHHOI
xpomatorpadii, eIeKTPOHHOI CIIEKTpPOMETpii, ra3oBoi xpomaTorpadii 3 Mac-IeTeKTOpOM
BHX1IHUX 1 TiIpOJIi30BaHUX 3Pa3KIiB

Pe3yabraTu i 06roBopennsi. BctaHoBJ€HO, 110 BHACIIIOK TEXHOJIOTIYHOI TepepoOKH
SITL/T JKYPaBJIMHH Y TIOpE KiJIbKICTh aCKOpOiHOBOI KUCIOTH 3MeHImacs y 13,5 pasa; BmicT
(heHONPHUX PEYOBHH Y IMIOPE 3 SITi]] XKYpaBIUHHA CTAaHOBHUTH 983Mr%, anTomiaHiB — 160 Mr%;
301JBINYETHCS BMICT BOJOPO3YMHHOTO TEKTHHY 10 3,0%, IO MOB’SA3aHO 3 YaCTKOBUM
T1IpOJTi30M MPOTONEKTUHY, KIIITKOBUHH — 3,1% /10 MacoBOi 4aCTKU CyXHMX PEYOBHH HIope. Y
ITIOpE 3 SAT1J1 KYPaBIMHH MIiCTUTHCS 36,6% ILyKpiB JO MACOBOI YaCTKU CYXHX PEYOBHUH IIOPE,
3 HUX 28,8% € pemyKylodMMH TIIOKO30I0 Ta (PPYKTO3010, 30UIBIIEHHS YaCTKH SKHX
TIOB’sI3aHE 3 YACTKOBUM KHCJIOTHHM T1JIpOJIi30M Caxapo3u Iij 4ac mepepoOKH ATiJl y Mope.

VY miope BHSBICHO HAasBHICTh AaHTOLIAHOBUX CIIONYK, SIKI Yy BUXIZHOMY 3pa3Ky
3HAXOJAITHCS B 3B’SI3aHOMY CTaHi 3 JINMOHHOIO KUCJIOTOIO, & TAKO)X MOHOOKCHKapOOHOBHMH
KUCJIOTaMH. [1eHTU]IKOBAaHO HM3KY OpraHiYHUX KHCIIOT: 3-TiIPOKCUMACISIHY KHCIIOTY,
(bepynoBy KHCIOTY, OYpUITHHOBY, SOJNy4HY, JUMOHHY KUCJIOTH. [lim 9ac mepepoOKu srif
JKYPaBIIMHU B ITOPE B HHOMY 30€piraroThCsl MPUPOIHI KOHCEPBAHTH, IO MICTATHCS B CBIXKIN
sroai. Tak, y mope 3 srij] )KypaBJInHHA MICTUTBCS O€H30iHA KUCIOTa Y KibKkocTi 122,2 Mr%
+15% Ta HasBHA HEBENWKAa KiIBKICTh COpOiHOBOI KHcnoTH — 10 2,5 mr% JlocmimkeHo
MTO3UTHUBHUI BIUTUB ITFOPE 3 STiJ] )KYPaBIMHH Ha 3aTPUMKY POCTY IpiKIKiB pony Candida.

BucnoBku. [Ttope 3 srig KypaBlIUHU € MPUPOAHUM JHKEPETIOM Oi0J0riYHO-aKTHBHUX
PEUYOBUH Ta MPUPOTHHUX KOHCEPBAHTIB 1 PEKOMEHIYETHCS Uil BUKOPUCTAHHS B XapYOBHX
MPOAYKTaX (PYHKIIOHAJIHHOI'O MPH3HAYEHHS IOAO0BKEHOT0 TepMiHy 30epiraHHsI.

Karwuosi cioBa: ocypasnuna, niope, ghrasanoio, anmoyian, KoHcepsanm.
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OnTumizanis napameTpiB ekcTpakuii MoTi)eHOTBLHUX AHTHOKCHAAHTIB 3
00e3KHUPEHOro NMOPOIIKY BUHOIPAAHUX KiCTOYOK MeTOI0M BiAryKYy IOBepXHi

Cepriti I'yochkuii, Makcum Jladaszos, Onbpra CamoxBajoBa,
Harans I'pesrieBa, Onena ['oponuceka
Xapxiscokuil Oepoicasrull yHieepcumem xapuyeanms ma mopeisii, Xapxkis, Ykpaina

Beryn. YV nocnipkeHH] HaBeeHI pe3ynbTaTh ONTHMi3allil yMOB TBEPOPiJUHHOI BOITHOT
€KCTpaKIii BiJXOIiB BHHOPOOHOI MPOMHUCIOBOCTI y BHUIJIS/II 3HEKUPEHOTO IOPOUIKY 3
BUHOTPAJHOI KICTOYKH 3 METOI OTPHMAaHHS E€KCTPaKTy 3 BHCOKOI) aHTHOKCHIAHTHOIO
aKTHBHICTIO.

Marepianu i meTonu. 3aransHy anTrokcuaanTHy eMHicTh (TAC) i 3aranbHuid 3Mmict
nmomidenonbHux crmonyk (TPC) 3paskiB BH3HA4Yaad METOIOM KYJIOHOMETPHUYECKOTO
TUTPYBaHHS B TaJbBAaHOCTATUYHOMY PEXHUMI 3 E€JIEKTPOIeHEpOBaHUM OpoMoM i
CHEeKTPOOTOMETPUYHUM  METOIOM 3a  jomomoror  peaktuBa  Folin-Ciocalteu.
ExcniepumenTanbhi Benmmurad TAC i TPC Oynu npencraBieHi B eKBiBaJIEHTI BMICTY rajioBoOi
(GAE) Ha ogunumitio macu mopomky (DW).

Pesynbratm i obroBopennsi. Meronosnorito moBepxHi Biaryky (RSM) Oyio
BUKOPHCTAHO JUIs TOLIYKY ONTHMAJIbHUX YMOB TBEPIOPIJUHHOI eKCTpakiii (eHONbHUX
PEUYOBHH i3 3HEKUPOHOTO TTOPOIIKY BUHOTPAIHOI KICTOYKH Mifl BIUIMBOM TPbhOX (haKTOpiB:
temrepatypu (60-100 °C) ta wacy (90-150 XB) ekcrpakiii, CHiBBiIHOIIEHHS 00'€eMy
posunHHHMKa 10 Macu mopomky ( 60-100). Pesyaprar mokasaB, IO BHUXiA (EHOIBHHX
PEUOBHMH Y 3a3HAYCHUX Jiama3oHaxX CTaHOBUTH 1,20-2,64% mpu BeNIWYMHI 3arajbHOI
aHTHOKCUIAHTHOI eMHocTi 17,71-36,78 mMr GAE/r DW. ¥V pe3ynbrati ontumizariiHol
npoleaypy OyJa0 BH3HAYEHO, IO NMPU ONTHMAIbHUX yMmoBax (temmneparypa 100°C, uac
ekcTpakiii 131 XBHIMHA 1 CIiBBIAHOIICHHS 00'€MY €KCTPareHTY 10 MacH MOpoIIKy 85), Oyia
nmocsrayTa MakcuMmaibia TAC ekcrpakry, mo gopisaioe 37,04 mr GAE/r DW. Benuunna
MaKCUMAaJIBHOIO BUXOY (PCHONBHUX pedoBHH 2,646% Oylia oTpuMaHa NPU TaKUX YMOBaX:
temrepatypa 100°C, yac excrpakuii 117 XBHIMH, CITiBBIIHOUIEHHSI 00'€MY €KCTPareHTy 110
Macu nopouiky 93. Ipu 3acTocyBanHi ontumisaiii 3 1Boma ¢pyHkiismu Binryky TAC i YPC
OTpPUMAaHO TaKi onTHMaibHI yMoBuU: Temrepatypa 100°C , yac excrpakuii 123 XBHIMHH Ta
CHiBBI/IHOIIEHHSI 00'€eMy eKcTpareHTa A0 Macu nopoiky 89, npu sikux BeaumuuHud TAC ta
YPC nopienrorote 36,91 Mmr GAE/r DW Ta 2,633%, BimnoBigno. Baminmariis oTpumMaHux
pe3yNbTaTiB MoKa3ana iX y3ro/pkeHHs B Mexax 3% 3 eKCIIepUMEHTaIbHUMH BEIMUUHAMHU.

BucnoBku. Otpumani pe3yiabTaTH JOBOISATH IEPCHEKTUBHICTH MEPEepOOKH BiIXOIIB
BUHOPOOHOT MPOMHUCIIOBOCTI ISl OTPUMAaHHSI TBEPJIOr0 €KCTPAKTY 3 00€3)KHPEHOT0 MOPOIIKY
BUHOTPAJIHUX KICTOUYOK SIK JDKepelsia 0ioNOoriYHO aKTHBHUX PEYOBHH (PEHOJIBHOI MPUPOIH 3
BHCOKUM aHTHOKCHIAHTHUM ITOTEHIIAJIOM.

KarouoBi cioBa: anmuoxcudanmu, nonigpenonu, (prasonoiou, KiCmouku uHocpaoy,
KYJIOHOMEmPIsL.

XosnoaHe npecyBaHHs Y BUPOOHUITBI ouii. Orusa

Brompa Yakasorny, Bachie Xazan Ostopt, Cemix Oy
Eeeticoxuti ynisepcumem, boprnosa, Ismip, Typeuuuna

Betyn. Metoro 1poro orisy € HOsICHEHHS! IPUHIMIY POOOTH YCTaHOBOK XOJIOJHOTO
MIpECyBaHHs Ta OOIPYHTYBaHHS €EKTUBHOCTI IIbOT'O CIIOCO0Y BUPOOHMIITBA OJIii.
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Marepianu i metonu. [locmimkeHo BUpOOHHUITBO OJIii 3 HACIHHS OMIMHUX KYJIBTYD
METOJIOM XOJIOZHOTO TpecyBaHHS. MeTOA XOJIOJHOTO MPECYBaHHS IOPIBHSAHO 3 1HIIUMHU
METOJIaMH, 1110 BUKOPUCTOBYIOTHCS TIPH OTPUMAaHHI OJ1ii 3 HACIHHS OJIIHUX KYJIBTYP.

PesynbraTi i 00roBopeHHsi. BumnoOyTok oiii XOJOTHMM TPECYBAaHHIM € ONHHUM i3
METOJIIB MEXaHIYHOTr0 0OpOOIIEHHS, IKUH € MEHIIl EHEPrOBUTPATHUM IIOPIBHSHO 3 1HIIMMH,
a TaKOX €KOJIOTYHO YHCTHM. MeTo/| 3aCTOCOBYETHCSI Y BUPOOHHIITB OJIii 3 HACIHHS OJIiHHUX
KYJIBTYp. 3a JAOMOMOI0I0 METOAY XOJOMHOIO MPECyBaHHSA MOXHA OTPHUMATH BUCOKOSKICHI
oJIil 32 HU3BKUX TEMIIEPATyp. XOJOIHE MPECYBaHHs € €KOJOTIYHO YUCTUM, HE MoTpedye
BUKOPHCTAaHHS PO3UYMHHUKIB. [HIIMMU clIOBaMH, BUAOOYTOK OJIiT XOJIOJJHUM MPECYBaHHIM HE
nependavae Hi TEIJIOBOTO, Hi XIMIYHOrO oOpoOieHHs. MeToloM XOJOMHOTO IMpPECcyBaHHs
OTPUMYIOTh COEBY, COHSIITHUKOBY, PAliCOBY, KYKYPYI3sHY, BUHOTPaJIHY, KOHOIUISHY, JUISHY,
PHUCOBY, OJIUBKOBY 1 Tap0Oy30BY 0:1il. KpiM Toro, 11i 0Jii € IliKaBUMH JJIs1 CIOKUBAYIB 3aBISKH
CBOi HATypaJbHOCTI Ta OC3MEYHOCTI, a TaKOX 3JATHOCTI 3amo0iraTd IEBHUM
3aXBOPIOBAHHSM 1 TOJIMIIYBATH 30POB'Sl JIIOAWHH, OCKUIBKU MICTSITh BEJIHMKY KUIBKICTh
mnoinpHUX (ITOXIMIYHMX pPEUOBUH, 30KpeMa aHTHOKCHIaHTiB. Oumii MaloTh Kpamii
MIOKMBHI BJIACTUBOCTI, HX padiHoBaHi. OIHAK METOJ XOJOIHOI'O NMPECYBaHHS BCE K Mae
HEJOJTiKH, (HU3bKa MPOIYKTUBHICTh, HEBIAMOBIAHICTE KpUTEPIsiM sikocTi). Ouii X0I0aHOTr O
MIPECYBaHHS MOXYTh JIOJaBaTUCS O X1 SIK NPUPOIHI aHTUOKCUIAHTHI JOOABKU 3aBISKH
(ITOXIMIYHUM BJIACTUBOCTSIM 1 HASIBHOCTI )KUPHUX KHCIIOT.

BucHoOBOK. Y pe3ynbTati MPOBEIEHOr0 AOCIIHKEHHS BU3HAYCHO ITIEPEBArH i HETOMIKH
BUAOOYTKY OJIi1 XOJIOIHUM IPECYBaHHSIM.

KurouoBi ciioBa: ozis, 6u000ymok, npecysanmsi.

BHyTpimHi MexaHi3MH BCTAHOBJICHHS PIBHOBAKHOI0 CTAHY BOAHO-CIIMPTOBUX CyMillIei
Y TeXHOJIOTII ropiiKu

Oner Kysbmin', Banentuna 3yokopa?, Tersina Hllenmpir’,
IOpiii Koperens*, Anton Kyssmin®, ITasno Binerpkuii!
1 — Hayionanvnuii ynieepcumem xapyosux mexrnonoeii, Kuis, Ykpaina
2 — Vuisepcumem imeni na Koxanoecvkozo 6 Kenvyax, Kenvye, Ilonvwa
3 — Incmumym pizuxo-opeaniunoi ximii ma gyeneximii imeni JI. M. Jlumeunenka HAH Yxpainu, Kuis
4 — Jloneyvkuii HayionanbHUil yHigepcumem eKOHOMIKY i mopeieni
imeni Muxaiina Tyzan-bapanoscerkoeo, Kpusuii Pie, Ykpaina
5 — Hayionanwvnuii agiayivinui ynisepcumem, Kuis, Yxpaina

Beryn. [locnmimkeHo MexaHi3M BCTaHOBJICHHS pellakcalii BOJHO-CIMPTOBHX CyMilllen
(BCC) Ha ocHOBHHX eramax CTBOPEHHS TOPUIKM TPH 3aCTOCYBAaHHI €JIEKTPOXiMI4HOI
aktuBalii (EXA) Ha cranii Na-kaTiOHHOT'O 3M’SKIIICHHS TEXHOJIOTIYHOT BOJIH.

Marepianu i meromu. 'H SAMP ananis npoBomuscs 3 BUKOpHCTaHHAM: Dyp’e IMP
cnekrpometpa Bruker Avance I (400 MI'); crieniaabHOTO Kamijsipa 3 alleTOHOM-ds; aMITyIl
Ne507-HP Bucokoro po3aijieHHs; J03aTopa; CIUPTY eTwinoBoro pekrudikosaHoro (CEP);
BOJM IIOM’SKIIeHOI Na-KaTiOHYBaHHSM; BOAM MmiarorosieHoi EXA; BOIHO-CIUPTOBHX
cymimeit (BCC) i3 CEP i moM’sikiiieHoT Boau Ta BOAM MiAroToBiIeHOT EXA.

PesynbraTi. JlocnimkeHo piBHOBaKHHI cTaH Topisiok npu cteoperHi BCC B mporieci
EXA mnom’sxmenoi Boaum Na-KaTiOHYBaHHSIM. BCTaHOBIEHO, IO ENEKTPOXIMIYHI peakIil
3MIHIOIOTH CHCTEMH MDKMOJIEKYJISIPHHX B3a€EMOIIi. 3aps/I0Bi CTAHW MOJIEKYJT B @HOJIITI Ta KATOMITI
TIPU3BOJIAITH JI0 BIIMIHHOCTEW B €JIEKTPOHHOMY PO3IOJILI, 110 TIO3HAYAETHCS HA XIMIYHUX 3CYBaxX
TiPOKCHIIBHUX MPOTOHIB. CTOCOBHO BOAM MOM SIKIIEHOT (J720=4.65 M. 4.) aHOMIT 3 dp20=(4.23;
4.22) M. 4. Ma€ 3MIIIICHHS TAPOKCUIHLHOTO MPOTOHY B «CHIIbHE moJie» Ha Af=170 I'1, kaTomit
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3 0m20—=(4.56; 4.54) M. 4. Mae 3MileHHS y «cuibHe Tone» Ha Af=40 I'u. JloBeneno, mo BCC Ha
a”omiTi (pH=2.43) Ta crmpti erunoBomy pekrudikoBanomy (CEP) mae kwucie cepenoBwine
(pH=3.10), BCC na xatomiti (pH=11.08) ta CEP Mmae myxue cepenopuiie (pH=11.75). Lli
NOJIAPHI CIIBBIAHOIEHHs KOHIeHTpawiit 30" 1o OH™ [jist aHONITY Ta KaTONITy MPU3BOIATE 10
nepeOyIoBU CTPYKTYPH B CHCTEMi CIHMPT/BoAa. MOXKHa BBa)KaTd, IO HMPOTOHHUI OOMIH
MIPUCKOPIOETHCSA, MPU IIbOMY CIIOCTEPIra€ThCsl ONUH 3arajbHH CUTHAJ PYXJIMBUX IPOTOHIB
EtOH~+H,0.

Ha migcraBi mpoBeneHOro JOCHIKEHHS BCTAHOBJICHA NPHHIMIIOBA BiJIMiHHICTD
noBeninku BCC i ropijiok, siKi MPUTrOTOBIICHI HA BOJI ITOM SIKILIEHIH Ta BOAI Micysi 0OpOOKH
EXA. BusBneno cucremu (CIupT/BOAA) 31 CTAJOK PIBHOBArolO, SKi XapaKTEPU3YIOThCS
BHCOKOIO MIpOIO y3araJbHEHHS IMPOTOHIB, a TAKOXK XapaKTEPHUMHU JJIs Hel IMBUIKOCTSIMU
0OMiHYy.

BucHoBkn. OTpuMaHi eKCIICpUMEHTAJbHI JaHi JOBOSTH 3aJICKHOCTI INBHUAKOCTI 1
XapaKTepy BCTAHOBJICHHS TEPMOIUHAMIYHOI piBHOBAry Bif yacy penakcariii BCC. Penakcartist
BiZIOYBA€TLCS TIPU OTHOYACHIH CTAOLTi3aMT T1APOKCHIBLHOI MPYITH MPOTOHIB BOJM i €TAHOMY.

KarouoBi caoBa: 600a, cnupm, cymiw, Na-xamionyeanws, eieKmpoxXiMivHuil,
axmusayis, 'H SIMP, cnexmpockonis.

YaockoHa/leHHSI AHTHOKCUAAHTHOT 0 MOTEHIIia y MIIeHUYHOro 6opoHa i xJ1ida 3
J0JaBAHHSIM JiKAPCHLKUX POCTUH

Ian Jlimos!, Hanexna Iletkosa?, I'sope Hakos®,
Ipa Tanesa', Isan Isanos?, Biktopis CramaHoBchKa*

1 — Tpacxiticokuil ynieepcumem, Ambonw, boreapis
2 — Vuieepcumem xapuosux mexuonoeiu, Ilnoeous, boreapis
3 — Pycencokuil ynisepcumem «Aneen Kanueey, ghinis 6 m. Pazepao, boneapis
4 — Bimonvcoruil yrieepcumem « Ce. Knumenm Oxpiocokuily, Benec, Makeoonis

Beryn. TlpoBenene nOCHiKeHHs 3 METOI BH3HAYCHHS BIUIMBY JBOX TpaB’SHUX
CyMIIIICH Ha BJIACTHBOCTI TpaB’stHOTO XJ1i0a. BCTaHOBIIEHO BILIMB TPaB Ha 3arajlbHUM BMICT
(beHOITIB Ta aHTHOKCUAAHTHY aKTHBHICTh TpaB'sIHUX CyMillled, cyMilieil TpaB i3 OOpOLTHOM i
TpaB’stHOTO XJ1i0a.

Martepianu i meromu. Byno Bukopuctano aBi Tpam'sHi cymimi (1 — ueOpenp,
MaTepHHKa 1 Mexica; 2 — yeOpelb, MaTepuHKa , Melica i TyHh0a) 3 MIIEHUYHUM OOpPOILITHOM
JUIi BUPOOHUIITBA TPaB'sSTHOTO XJi0a; eKCTPaKTH 3pa3KiB OLIHIOBAJIM YOTHPMa METOAAMHU:
ABTS « +, CUPRAC, FRAP i DPPH.

PesyabraTtu i o6roBopenns. HaiiGinpmmii 3aranpHuii BMICT (EHONIB cepex  ycix
JIOCIi/pKeHnX TpaB Mictuth MatepuHka (30,43 mr GAE/r dw), Tpas'sna cymimn 1 i TpaB'sHa
cymim 2 — 19,18 i 17,47 mr GAE/r dw BimnoBigHo. Y cymini Tpas'ssHOro 0oporiHa i xjioa
PiBEHB 3arajbHOrO BMicTy (heHOIiB 3HaxoauBcs B Aiana3oni Bix 0,31 no 0,37 mr GAE/T dw.
Bapro 3a3HaunTH, 1110 BMICT IIUX 0i0aKTHBHHUX CIIOJYK iCTOTHO ITijl Yac MPOLECY BUITIKAHHS
He 3MiHUBCA. HaiiBuIlly aHTHOKCHIAHTHY AaKTHUBHICTh TpPaB'sHUX CyMIillleld, cymimien
TpaB'ssHOro OOpoIITHA 1 XJ1i0a OTpUMYyBaIU ABOMA 3 BUKOpUCTaHUX MeToiB — ABTS ta FRAP.
HaiiBumuii aHTHOKCHIAHTHUH IOTEHINAM MPOAEMOHCTPYBAIM POCIMHHA CyMmimn 1, o
ckimaganacs 3 Tpbox TpaB — 16829,73 MM TE/100 r dw, Toni sk pocnuHHA cymimn 2 3
yorupma TpaBamu — 14693,75 MM TE/100 r dw. OuiHroBaHHs cymilei 3aiHCHIOBAIOCS
MetonoM ABTS. Jlnst meroqy FRAP 3HaueHHS aHTHOKCHIAHTHOI aKTUBHOCTI CTaHOBHJIM:
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15997,65 MM TE/100 r dw mns pocnuuHoi cymimn 1 i 14136,82 MM TE/100 r dw mus
POCITUHHOT cymini 2.

BucnoBku. TpaBu, 110 A0MAIOTHECS B OOPOLIHO, 30UIBIIYIOTH 3aralibHi (DeHONbHI
AQHTHOKCUJIAHTHI 3Ha4yeHHs OOpOIIHAHUX cymimedl 1 xumiba. He3nauni BiaMiHHOCTI B
QHTHOKCUJIAHTHUX ITOTEHIliajax CIOCTepiraaucs Ui XJ1i0a 3 TpboMa 1 4oTHpMa TpaBaMu.

KurouoBi ciioBa: nikapcoxa mpasa, 60pouino, xib, aHmuokcuoanm, ¢eHoi.

JocigxeHHs MoTeHUiaMy INTY4YHOI HEI{POHHOI MepesKi /ISl IPOrHO3YBAHHA
BJIACTUBOCTEN pagiHOBAHOI0 HYKPOBOIo OYpPsSIKOBOI0 COKY, OTPMMAHOI0 METOA0M
€JIeKTPOK0AryJIsA il

Maxinex 3apipnoop, Baxing Xaximzanex
Icnamcorui Asadceruil ynieepcumem, Kyuancoxa inis, Kyuan, Ipan

Beryn. 3Baxkaroun Ha BUCOKHIA moTeHian enekrpokoaryismii (EK) mig yac BunaneHss
3BaKEHUX YaCTOK, 8 TAKO)K Ha BUCOKE EHEPrOCIOKUBAHHS NIPU TpaIuLiiHOMY 00poOIeHH i,
y IIbOMY JOCII/PKEHHI 32 JIOIIOMOT'OI0 IITYYHOI HEHPOHHOT MEpeKi MPOMOJIEITBOBAHO TPOIIEC
EK st ouniieHHs: OypsSKOBOrO COKY.

Marepian i merogm. B mporeci enekTpokoaryssmii  JOCHiIKEHO IOTEHIian
HelpoMepexi B MPOrHO3YBaHHI MYTHOCTI, KOJBOPOBOCTI Ta YHCTOTH OYPSKOBOTO COKY 3
pizHuMu napamerpamu: Hanpyra (5, 10 i 15 Bonbt), pH (6, 7 1 8) i yac (mocriiiHi iHTEpBaIN
yacy Big 1 1o 60 xB). MozentoBaHHs IITYYHOI HEHPOHHOI Mepexi, sKe 3[iHCHIOBATIOCS B
nmporpaMHoMy 3abe3meueHHi Neurosolution V6, 3acTocoByBajocs Ui BHU3HAYCHHS
HAMKpAaIoro TUITy TPAHCIIOPTHOI (YHKIII, MpaBUJl HABYAaHHS, BajJijalii i TecTyBaHHS Ha
OCHOBI IX CEpeIHbOKBAJPATHYHHX MOMHJIOK, CEPeAHIX aOCOMIOTHMX MOXHOOK 1
KopemsiiiHux KoedimieHTiB. Lle nano 3Mory BH3HAUMTH HaWKpalyi THI TPAaHCIOPTHOI
¢yHKIII, TpaBWia HaBYaHHS Ta 3acTOCYBaTH BHMKOPHCTaHI 3HA4YCHHsS ISl HaBYaHHS,
mepeBipkd  #  TeCTyBaHHS Ha OCHOBI 1X  CepeJHBOKBAJIPAaTHYHUX  ITOXUOOK,
CepeHbOKBAIPATUYHUX HOPMAaJIi30BaHMX TOXUOOK, CepelHiX aOCONIOTHHX IOXHOOK i
Koe(illieHTIB KOpeIsii.

PesyabTaTn i obroBopennsi. Haiikpamia HelipoHHa Mepeka 3 MaKCUMaTbHUM
Koe(illieHTOM KOopeJssinii Ui MYTHOCTI 1 YHCTOTHM OTpUMaHa B 3akoHi JleBenOepra mpo
HaBYaHHS 1 TaHTeHC nepenaui QyHKIT, ski Bkroyanu 8 i 17 HelipoHiB BianosigHo. Kpim
TOro, HaKpammi KoedillieHT Kopessmii 1 MeHIa cepeqHs KBaJpaTUuHa MOXWUOKa s
MOJICTTFOBaHHS KOJILOPOBOCTI, TIOB'sI3aHI 3 MEPEXKEI0 3 ONHHM IPUXOBAaHMM IapoM i 9
HeWpoHaMu, sIKi BUBYAIOTHCS 3a 3aKOHOM HaBuaHHs JleBeHOepra i curmornoziOHOO
nepeaTouHo0 QyHKIie. MoaeTroBaHHs TPOBOAMIOCS 3 PI3SHUMH 3HAUYEHHSIMH JaHUX JIIS
HaBYaHHJ, NIEPEBIPKH i TecTyBaHHs. Halikpaie nporHo3yBaHHs KOPEJSILIi U1t MyTHOCTI Ta
YHCTOTH OTPUMAaHO, Kou 55% naHux Oyiu BUKOpHCTaHi il HaBuaHHsA, 40% 3 HUX — JUIs
niepeBipku Ta 5% — IS TECTYBaHHS, TO/I SIK HAaMKpallll BiJICOTKY JUIs HAaBYAHHS, TIEPEBIPKH
W TecTyBaHHs Uil TPOTHO3YBaHHS KOJIbOpoBocTi craHoBwin 60, 30 i 10 BiamosigHO.
[Iporro3oBaHi 3Ha4YeHHsI MOAENEH MajH BIANOBIIHY KOPEJSALIIO0 3 eKCIIEpUMEHTaIbHUMHU
JAHUMH, TOMY KOe(]Iili€HT KOpemsamii 3 eKCHepHUMEHTaJbHUMH JaHHUMH MYTHOCTI,
KOJIbOPOBOCTI Ta YHUCTOTH CTaHOBHB, BimnomiaHo, 0,999, 0,997 i 0,990. Ile mocmimkeHHS
TaKOXX CTOCYBaJIOCSA YYTIIMBOCTI MOJIEII IO BXIAHUX NaHUX. HalOi/IbIIa 9y TIuBiCTh MOJCITI
JUISl IPOTHO3YBaHHSI MYTHOCTI, KOJIbOPOBOCTI 1 YUCTOTH OYyJia IOB'sI3aHa 3 HAIIPYTOF0.
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BucnoBok. Mozenb CiporHo3yBaiia MyTHICTb, KOJIbOPOBICTD 1 YHCTOTY COKY B Pi3HHX
YMOBax eKCIUTyaTallii, OCKIJIbKH JaHi MOJENIOBAHHS IT0KA3ald BUCOKY KOpEIIiio 3
€KCIIEPUMEHTAILHUMHY JaHUMH.

KarouoBi cioBa: yykop, Oypsx, cik, enexmpokoacynayis, Jlesenbepe, HeupouHa
Mepedica.

Po3BuTOK cioco0iB po3ineHHs] y BUPOOHUITBI HATYPAJIbHUX APOMATH3ATOPIB

Haranis ®pososa, AHaTomiit YkpaiHerp
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpoBenmeHi aHaNITHYHI Ta CKCIICPUMEHTANBHI JIOCHTIKEHHS CIIOCOOIB
PO3[IiIEHHS] TPUPOJHUX JDKEPENl apoMaTy 3 OTPUMAaHHSIM iHAWBIAYaJbHUX apOMaTHYHHX
peuoBuH. [TokazaHo nepeBary pakuiiHOT PO3rOHKH Ta MpenapaTuBHOI XxpoMaTorpadii.

Martepianu i meroan. Buuanucs edipHi onii 3Mi€roJoBHHKa MOJJIABCHKOTO Ta
JMMOHA, MOJIeNbHa MaTpuld (CyMilll TEPIIEHOBHX BYIJIEBOAHIB 1 IXHIX KHCHEBMIiCHHX
MOXiTHAX  BIJOMOrO  Ta  HEBIJOMOTrO  CKJIany). Bukopucrano  MeTOIUKH
razoxpomarorpadiuHoro aHamnizy. Okpemi ¢pakuii IITbOBUX apOMAaTUYHUX KOMIIOHEHTIB
OTPUMAaHO MpenapaTUBHOI XpoMaTorpadiero.

PesyabraTtu i o6roBopennsi. BakyymHe po3nineHHs edipHux oiiii Ha ¢pakuil 3a
BCTaHOBJICHUMH PEKHUMaMHU KOHTPONIO TeMIIepaTypu KyOa Ta ronoBku,’C BIAIOBIIHO Ha
piBHsIX: nepma ¢pakuis — 67—-69, 18-24; npyra ¢pakuis — 112—-118, 25-30; Tperst ppakiis
—130-135, 32-39; 3nauens THCKY, KIla 3a ¢pakiisimu: neprra — 0,92, apyra — 0,62, Tpers —
0,33; ¢ermoBoro umcia 3a ¢pakmismu: neprra — 7:1, apyra — 10:1 , tpers — 5:1 nae
3MOTI'YOTPUMYBAaTH (pakiii pi3HOro apomary, IO 3HAYHO PO3IIUPIOE ACOPTUMEHT
HATypaJIbHUX JOKepen apomary. TakoX KOHTPOJNBOBAaHOKW (PaKIiiHOI PO3TOHKOIO
MIPOBOJIATH JIETEPIICHI3AII0, MPH sKiil i3 edipHOi Ol BUIAISIOTECA KOMIIOHCHTH, SKI
BiJJYyTHO TIOTIPUIYIOTH OPTaHOJIENTHUYHI BJIACTUBOCTI. PexxuMu nereprieHizanii JIMMOHHOI
edipHoi onii — Temmepatypa Kyba Ta ronoBku, °C BigmosimHo 67-70, 17-19; tuck — 2,64
klla, ¢ermoBe uncno — 1:3.

Jis  BUIUIEHHS YHCTUX apOMAaTHYHUX PEYOBHMH BUKOPHCTAHO NpENapaTUBHY
XpoMarorpadiro 3 BUTOTOBJICHHSM CIICI[iaJIbHOI KOJOHKH, MiliOpaHO TBEpAWA HOCIH —
Xpomocopo A, Hepyxomy pazy — I[IET-6000. ExcriepuMeHTaIbHO BCTAHOBIICHO e()eKTHBHI
PEKUMH TIPOLIECY — IIBU/KICTH TIOTOKY ra3y-Hocis, cM>/xB — 85-90; 06'em mpobu — 0,8—1,0
cM>, 3Ha4eHHs Temmeparyp , °C: BunapHuka — 180-250, Tepmocrara kosoHku — 120200,
nmerektopa —220-250, 30ipHuka ¢pakuiid — 180-250

BucnoBok. Po3BuTkOM CIIOCOOIB  pO3AiJIeHHS € BakyyMHe (ppakiioHyBaHHS
MIPUPOTHHX JPKEPEIT apoMaTy 3 MOAATIBIINM pernapaTHBHUM BUIIIEHHSM YUCTHUX PEUOBUH.

KurouoBi ciioBa: apomamuzamop, egipnuii, onis, xpomamozspagis.

MexaHi3M KHPO3B’SI3yBaHHS Ta JKUPOYTPMMAHHS HAHOYACTUHKAMH Xap40Boi
A00aBKM Ha OCHOBI MOABII{HOI0 OKCUAY IBO- | TPMBAJIEHTHOI 0 3aJi3a

Ipuna Lluxanosceka', Biktopis €snam?, Onekcanap Anexcanapos!, Tersna [onrap!
1 — Vkpainucera inocenepno-nedazoeiuna axademis, Xapxis, Ykpaina,
2 — XapkiecoKuil 0epaicasHull yHigepcumem xapuysants ma mopeieni, Xapkis, Yrkpaina
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Beryn.  OOrpyHTOBaHO — MeEXaHi3M — JKMPO3B’SI3yBaHHS Ta  KHPOYTPUMAaHHS
HAHOYACTHHKAMH Xap4OBOi JOOABKHM Ha OCHOBI IMOJBIHHOTIO OKCHIY JABO- I TPUBAJICHTHOTO
3a1i3a, KU TpeICTaBIeHUH MOJIEILIIO JIBOIIAPOBOT KOOPJMHALII].

Marepianu i MeTomn. HaHouacTuHKM Xap4oBOi 100aBKM Ha OCHOBI OKCHIY IBO- Ta
TPHUBAJIEHTHOT'O 3aJ1i3a, TOKPHTI JIIHOJIEBOIO KUCIOTOI W HepadiHOBAaHOIO COHSIITHHKOBOIO
oniero. JKupoyTpuMyBaabHy 3JaTHICTE AOCIipKyBaiu 3a pormomorow [U-®dyp’e (FTIR) ta
eHeproaucrepciiiHoi pentreriBebkoi (EDX) criekTpockortii, a TAKOXK METOIOM CKaHYIO4Ol
enekTpoHHoi Mikpockomnii (TEM).

Pesyabratm i oOroBopeHHsi. BuBueHO MeXaHI3M  JKHpO3B’SI3yBaHHS — Ta
YKUPOYTPUMAHHS HAHOYACTHMHKAMHU Xap4OBOi JOOABKH Ha OCHOBI MOJBIHHOIO OKCHIY JIBO- 1
TPUBAJICHTHOT'O 3aji3a, SKUH TPEICTABJICHUN MOICIUIIO JBOIIAPOBOI KOOpIMHAIi. [lepuiuii
aocopOyitiHuL wiap YTBOPIOETHCS 38 PAXYHOK €ICKTPOCTATUYHHX B3aEMOIIH MOISIPU30BAHUX TPYIT
JIMIIB T 10HI30BAaHUX HAHOYACTHHOK Xap4yoBOi JOOABKH 1 KOOPIMHALIMHKX 3B’ s13KiB aToMiB Fe
HAHOYACTHHOK Xap4oBoi no6aBku 3 Okcurenamu COO™ — rpymd “TiapodiibHOT FOJIOBKK ™ Iz,
opyeuti adcopOyiiiHuil wiap — 3a PaXyHOK EJIEKTPOCTATUYHMX B3a€MOMIIH TiApo(OOHHX IIEHTPIB
TIEPIIOro aCOPOLIIHOrO 1apy i BYIJIEBOJAHEBHX “XBOCTIB’ JIITiY.

Tosiea B [Y-criekTpax ABYX HOBUX cMyT nipu: ~ 1541 em™'i ~1637 em! miaTBepmxyoTh
OimeHTaTHY amcopOmito i yrBopeHHs KapOokcwmnatHoi rpymud (—COO-) B KOMIO3HITISAX
“JiImiI-HaHOYACTHHKA XapuoBOl T00aBKU ™.

MIiKpOCKOMIIYHUMHU  JOCITIDKCHHAMH BCTAHOBJICHO TMOPSJIOK CEPEAHBOTO PO3MIpy
YACTUHOK: JUIS YaCTUHOK YHCTOI Xap4oBOi M00aBkH — <d>78+2,36 HM; U1 YaCTHHOK
J00aBKH, TIOKPUTHX JIHONEBOI KHCIOTOW, — <d>80+2,57 HM; [UIS YaCTUHOK JOOABKH,
MTOKPUTHX COHSIITHUKOBOI oni€eto, — <d>81+2,93 Hwm.

EnepronucrnepciiHIMU pEeHTT€HIBCHKUMH JOCIHKCHHSIMH BCTAHOBJICHO €JICMECHTHHIMA
CKJIaJ] KOMIIO3UIIA ‘JIiIiI-HAHOYACTUHKA XapuoBOi J00aBKW: JJIsi YAaCTUHOK YHUCTOI
xap4oBoi gpobaBku — Fe 75,5%; O 24, 5%; mis yacTUHOK JOOABKH, MOKPUTHX JIIHOIEBOI
kucnotoro, — Fe 45,6%; O 34, 7%; C 19,7; s 9aCTHHOK J00aBKH, TIOKPUTHX COHSITHHKOBOT
omieto, — Fe 39,7%; O 36, 7%; C 23,6%.

BucnoBku. Brepmie 3anponoHOBaHO —MOZENb  ABOIIAPOBOI  KOOpIMHAINT ISt
OOIpYHTOBaHHS MEXaHI3My JKHUPO3B’SI3yBaHHSA Ta JKUPOYTPUMAHHA HAHOYACTUHKAMU
Xap4yoBoi T0OABKU Ha OCHOBI MOJBIHHOIO OKCHIY JBO- Ta TPUBAJICHTHOIO 3aJ1i3a.

KarwuoBi cioBa: owcupose’sizyeanns, ocupoympumanms, oxcuo 3aniza, 000aexa,
080UIAP0BA KOOPOUHAYISL.

AHTHUMIKPOOHi BJIACTUBOCTI IBOX MOXiAHUX Had TOMIPaHOdiOHY 3
IUKJI0AJTKAHCHIPOTiTaHTOIHAMH 100 IeSIKUX (PITONATOreHHUX i KOPUCHUX
MiKpooprasizmis

Mapun Mapunos, Mnanen Haiinenos, Pymsana IIpoganosa
Aepapnuii ynieepcumem, Ilnosous, boneapis

Beryn. Jlocnimkeni aHTUMIKpOOH1 BJIaCTHBOCTI ABOX HA(TOMIpaH[iOHOBHX MOX1THHX 13
LIUKJIOANKAHCIIIPOXiJAHTOTHAMH ~ [IOA0  JAEIKUX  (PITOMATOreHHWX 1  KOPUCHHUX
MIKpOOpTraHi3MiB

Marepianu i MmeTomu. TUTYIBHI CIIOTYKH OTPUMYBAJIH 3TiIHO 3 BiIOMOIO MPOLIEAYPOIO.
Merton nmudy3ii B arapi 3acTOCOBYBAaJH Ui BH3HAYCHHS AHTHMIKPOOHOI aKTHBHOCTI
CHHTE30BaHHUX MPOJIYKTIB 1I0N0 OakTepii i rpubiB. Bukopucrani y goCiKeHHIX BUXIiIHI
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cnoinyku (6-6pomo-1H,3H-nadto[1,8-cd|mipan-1,3-1i0H, IMKIOATKAHCITIPOTiTaHTOIHH 1
noxigHi HaTOmipaHIiOHY 3 UHMKIOANKaHcmiporigantoiHamu - 3-(1,3-miokco-1H,3H-
HadTo[ 1,8-cd|nipan-6-in)-1,3-niazacmipo[4.4]HoHan-2,4-mioH  Ta  3-(1,3-miokco-1H,3H-
Hadro[ 1,8-cd|nipan-6-in)-1,3-niazacmipo[4.5]nexkan-2,4-1i0H) CHHTE30BaHi 3a OITUCAHUMU B
JITEpaTypi METOIUKAMHU.

Pe3yabraTu i 06roBopenns. J[ociipkeHO aHTUMIKPOOHY aKTUBHICTh BUX1THHX CIIONYK
1 KIHIEBUX TPOAYKTIB 010 rpudiB Fusarium oxysporum i Trichoderma asperellum T6,
IpaMIIO3UTUBHOI Oaktepii Bacillus amyloliquefaciens 2/7 A 1 rpaMmHeraTHBHOI OakTepii
Xanthomonas vesicatoria. Bci pedoBuHHM (32 BUHATKOM BHXIJHUX CHipOAMAAHTOTHIB)
BUSBJIIIOTh aKTHBHICTH IIOJAO JOCTIIKYBaHUX MikpoopranizmiB. Illo crocyerscs
JIOCITI/PKEHNX TpH0iB, To (iTonaToreHHi BUIH (Fusarium oxysporum) Oinbur uytinusi. EQexr
BiJIPI3HAEThCA y BUMNAAKY 3 OloKOHTpoibHUM areHToM (Trichoderma asperellum T6). 3
yacoM TpuOOK, Oyayuu cnalmmM, jgojae iHriOyBanbHYy [il0, 3pOCTalOYM Ha BXKe
copmoBanux 30Hax iHrioyBanus. [Ipomykr 3-(1,3-giokco-1H, 3H-madTo [1,8-cd] nipan-6-
im)-1,3-miazacmipo [4,5] nekanH-2,4-mioH HAWOLIBII aKTMBHUN IMOM0 (DiTOMATOrEHHHUX
MIKpPOOpIaHi3MiB, 110 MalOTh MEHII cllaOkuil BIIMB Ha Trichoderma asperellum T6.

BucaoBok. Cnonyku 6-6pomo-1H,3H-Hadro[1,8-cd]mipan-1,3-mion, 3-(1,3-miokco-
1H,3H-ma¢To[1,8-cd|nipan-6-in)-1,3-nia3acmipo[4.4|nonan-2,4-nion ta  3-(1,3-miokco-
1H,3H-madTo[ 1,8-cd|nipan-6-in)-1,3-mia3zacmipo[4.5 ] nekan-2,4-mioH MaroTh BHUCOKY
010JIOTIYHY aKTUBHICTh IIO/I0 BCIX TECTOBAHUX MiKPOOPTaHi3MiB.

KarouoBi  caoBa:  nagpmonipandion,  noxiona,  YuKIOAIKAHCNIPOXIOAHMOIH,
MIKpOOp2amizm, pimonamozeH, aHmumiKpoOHuLl.

IIpouecwu i o6nagnanHs

JAuHamika mo3uuiiiHuX eJ1eKTPONMHEBMONPUBOAIB G YHKIIOHAJBHUX MEXaTPOHHUX
MOYJ1iB MOTOKOBMX TeXHOJIOTTYHHUX JiHii XapuoBHX BUPOOHUITB

Jlrommuna Kpusomsic-Bononina, Onexcanap ["aBea, Cepriit Bonoain, Tapac ['HaTiB
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. PosrisiHyTo peanizalliro 3aBJaHb, ITOB’A3aHUX 13 CHHTE30M POOOUHX OpraHiB s
MepeMillieHHs I[ITYYHUX XapyoBUX NPOAYKTIB 3a 3aJaHAM 3aKOHOM pyXy, Ta ix
TIO3UIIFOBAHHS Y IPOMIXKHUX MOJIOKEHHAX KIHEMaTHYHOTO IIUKITY.

Marepianu i meTomu. J{ocmipKyrOThCsl TUHAMIYHI XapaKTEpPUCTHKH IPUBO/Y 1 cUCTEMa
KEpYBaHHs CHJIOBOIO YAaCTHHOIO ITO3HMIIHHOIO EeIEeKTPOITHEBMONPHUBONY. Bukopucrani
METOJM MaTeMaTHYHOI'O Ta KOMIT FOTEPHOI'0 MOJIEIIIOBaHHS, METOIU PO3B’SI3Ky 3BUUANHUX
mudepeHIiiHIX piBHSIHD Ta Ju(epeHHiHHUX PIBHAHb Y YaCTKOBHX IOXIJHMX 1 METOX
KOpEJSIIIHHOrO aHaMi3Yy.

Pe3yabTraTH i odropopenHsi. OTpHMaHO AaHATITUYHI 3aJICKHOCTI JJI BU3HAYCHHS
KiHEMaTUYHHUX TapaMeTpiB PyxXy MITYYHOrO HPOIYKTY i3 MEXaHI3MOM 3iIITOBXYBaHHS Ha
0a3i MHEBMONpHBOLY. MaTeMaTHYHO BHIIPOOYBAaHO JMHAMIYHY MOJENb IPHUBOAY W
OTPUMAHO 3aKOH PyXy MEXaHi3My 3iIITOBXYBaHHS, HAOJIKEHOTO IO ONTHMAIBHOIO 3a
mBHAKICTIO. J[71s1 aHamizy mporecy HaBaHTa)XKEHHsT poOOUOi JIAHKH ITO3HLIHHOIO MPUBOIY
BUKOPHCTaHO MOJIENb y3arajbHEHOI CHCTEMH KepyBaHHs, SKa OOMEXeHa OJIHUM MOBHHM
LUKJIOM POOOTH (DYHKIIOHATIBHOI'0 MEXaTPOHHOTO MOJTYJISI TAKyBaIbHOI MammHu. OTpuMaHi
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pe3yabTaTH  PO3PaxXyHKIB MOPIBHIOBAJIMUCH JJI  PI3HUX KOMIIOHOBOYHHUX  pIlIeHb
JIOCITI/PKYBAHOTO TPUBOIY 3 METOI0 YIOCKOHAJICHHS 3allpOINIOHOBAHMX TEXHIYHUX DIllICHb.
Po3pobnena METOAMKA MaTeMaTUYHOTO aHayizy pobotu TIO3UIIIHHOT O
€JICKTPOITHEBMOIIPUBOIY Oyiia YCIIITHO BUKOPUCTAHA ITiJ] Yac BiAMPaIlbOBYBAHHS PEKHMIB
poboTH pi3HUX (YHKLIOHAIBPHUX MEXATPOHHUX MOIYNTIB y TMaKyBaJbHIH MaIlIuHi IS
IITYYHUX Xap4YOBHX IMPOAYKTIB FOPU30HTAJIBHOTO THITY. PO301KHICTH pO3paxoBaHOro MpH
MaTeMaTUYHOMY MOJIENIOBAaHHI 3HA4YeHHA Yacy po0OYoro Xoay BHXIIHOI JIAHKH
(YHKI[IOHAJIHPHOTO MEXAaTPOHHOTO MOJYJsS JUIS BIANPAIbOBYBAaHHS KIHEMATHYHTO IMKIY
po0OTH makyBalbHOI MAIIMHU CKJIaJalla Ui PI3HUX BXiJHUX MapamerpiB Mexi 1o 7%.
OTpuMaHi pe3yJbTaTH MOJIEIIOBAHHS TUHAMIYHOTO HAaBaHTaKEHHS 1 3MiHH TUCKY POO0YOro
MO3UI[IHHOTO ITHEBMOINPHUBOLY IIATBEPIMIN, IO MPU 3BY)KEHHI BHXIIOITHOTO Nepepi3zy
poboUoro IHWIIHApA MO3MLIHHOTO ITHEBMOIPHUBOIY 30UIBIIYETHCS 3HAYSHHS 1HEPIIHHOL
CKJIaJIOBOI Ha €TaIli TalbMyBaHHs. Pe3ylibTaTé MaTeMaTH4aHOr O MOJICITIOBAHHS TMHAMIKH JIJIsI
MO3UI[IHHOTO THEBMOIPUBOJY 3 YMOBH 3MIHM Hepepi3y BHUXJIOMHOIO OTBOPY Jaiy
MOXITUBICTB O/IEpKaTH KIHEMAaTUUHI XapaKTePUCTUKH ITPUBOLLY.

BucunoBku. OTpuMaHi pe3yabTaTH Jal0Th MOXKIIUBICTH 320€3NeYUTH POOOUOMY OpraHy
3aKOH pyXy, HaOJNW)KEHWH J0 ONTUMAaJIbHOIO 33 HIBHAKICTIO Jii, HE MEPEBUIIYIOYH IPH
BOMY MaKCHMaJbHO JIONMYCTHMHUH ISl PYXOMOrO IITYYHOTO MPOAYKTY, 1 3a0e3NeuuTH
MOTPIOHY MPOIYKTUBHICTH MAKyBAJILHOI MAIIMHU.

Knro4doBi cnoBa: @ynkyionanvhuil, MoOyib, NAKy8amms, eleKmponHesmMonpusoo,
MOYHICMb.

Kinetnka TepmiuHoi qecTpykuii cymimeii Byrinis i TBepaoi 6iomacu

Haranisa Jlynaescoka', Spocnas 3acaasko?, Tapac Ilymmo!
1 — Incmumym gyzinonux enepeomexnonoeiu HAH Yipainu, Kuis
2 — HayionanvHuil ynisepcumem xapuosux mexnonoeait, Kuie, Yxpaina

Beryn. TlpoBeneni MOCIHiIPKeHHS KIHETMKM CKJIaIOBUX €TalliB IIPOLECY 3TOPSHHS
OioMacH SIK 1HIHMBiTyallbHO, TaK 1 y CyMillli 3 HU3bKO PEaKIiHHUM BYT1JUISIM aHTPAIUTOBOI
rpynu JloHenpkoro Gaceity.

Marepianu i MeTogu. 3pa3ku 6iomMacu (BKIFOUAIOYH BiIXOIU CUTLCHKOTOCIONAPChKOT
Ta Xap4yoBOi MPOMHMCIOBOCTI) Ta BYTi/UIA OyJaM BHUBYCHI 3a JOIIOMOTOK HEI30TEPMIiuHOI
TepMmorpasimerpii. KiHeTnuHi IOCHi/pKeHHS 3pa3kiB NPOBOIWIMCS Ha JepuBarorpadi
cucremu Paulik-Paulik-Erdéje Q-1000 3 iHTErpoBaHUM KOMILJIEKCOM CHHXPOHHHUX aHAIi3iB
nannx STZ 449 JUPITER NETZSCH B atmochepHOMY TOBITpi 3 IIBUAKICTIO HarpiBy 20
°C/xB. InTepBan Temmepatyp — 25—-1000 °C.

Pesyabratn i obroBopennsi. OTpuMaHi TepBUHHI JaHi oOpoOmsumcs i
y3arajJbHIOBAJIHCS B paMKax Au(epeHIiaibHuX Ta iHTerpaibHux miaxoxaiB. IlokazaHo, 1o
3aCTOCOBYBaHHS  Ju(epeHiiiiHoro meroay oOpoOKM naHuWX NOTpedye  BU3HAYEHHS
MMOTOYHUX HOPMAJTi30BaHMX TOXITHUX BiJ] IBUIKOCTI 3MiHH MacH 3pa3Ky, a TAKOXK OaaHCy
KOMITOHEHTIB HaBa)KKM B MOMEHTH ITI0YaTKY Ta 3aKiHYEHHS MPOLIECY, IO CTBOPIOE CEPHO3HI
TPYAHOII. 32 TAKUX YMOB IHTETPAJbHHMA IMiJXiJ, 3ACTOCOBAHHNA I OOPOOKH OTPUMAaHHUX
JIAaHUX, BWIJISIA€ OLIbII TPUHHATHUM. [IpencraBiieHO NOpIBHSHHS ampoKcuMaiiid Ta
y3arajJbHEHHS JaHHUX 32 PI3HUMHU METOJaMU.

INokazaHo, mo 3acrocyBaHHs anpokcumaiii 3a metonoM Koyrca-Pendephna y Burmsmi
psny He 30UIBIIye TOYHOCTI HAOJMKEHHS NPU BpaxyBaHHI OiTbIIO KiJIBKOCTI WIEHIB PsIIy.
Jlonmyctumi Mexi 3aCTOCYBaHHsS METOJY BH3HaudaroThesi BenmuuHolo E/RT Oinbiie 4, mo
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JHCHO U TpOLEciB BUXOAY BOJIOTHM Ta JIeTKuX. J[ys mpolecy JOropsiHHS KOKCOBOTO
3aJIMIIKY CITiJi BpaXOBYBaTH MOKJIMBI BiIXWJIEHHS Ta 3acTocoByBatu Meton Cenyma-SIHra.
OTpUMaHO CYKYITHICTh KIHETHYHHX KOHCTAHT, sKi OyJIM BHUKOPHCTaHI 3 BiJIIOBIIHUMHU
JudepeHIiiHIMI  pIBHSHHSIMUA THIY AppeHiyca il pO3paxyHKIB 3aralbHOI KpHBOI
TepMmozerpanaiii. BimxuieHHs po3paxoBaHOI MOTOYHOI MacH 3pa3Ka Bill BH3HAYEHOL
eKCIIepUMEHTAIILHO ITpH Harpisi y miana3zoni 300—700 K He neperuiye 10%, 110 mae 3Mory
PEKOMEHYBaTH OTPUMaHi KOHCTaHTH JUIsl iIHKEHEPHUX PO3PaxyHKIB K TPUBAJIOCTI OKPEMHX
CTaJiii mpolecy, Tak i 0aJaHCiB KOMIIOHEHTIB MajuBa Y MPOIIECi TOPiHHSL.

BucnoBku. MeTtozonorist BUIUIEHHST OKPEMHUX CTaJlill mpolecy i OTpUMaHi KiHeTHYHi
KOHCTaHTH MOXYTh OyTH BHUKOPHCTaHI Uil IH)KEHEPHHUX PO3PAaxyHKIB Ta Yy BHIVISI
Mo esne a1t 3-BUMIpHOTO MOJIEIOBaHHS TIPOLIECIB TOPIHHS TBEPIOTO ITajIHuBa.

KurouoBi ciioBa: syeinis, biomaca, copinns, Kinemuxa, /Joneybkutl 8y2iibHuil Oacetin.

BukopucTaHHSI TeHETUYHOI0 AJITOPUTMY JIJIs1 oNTUMi3alii podoTu catypatopa

Bononumup IMonynan, Bikrop Cimrenpkuit
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpoBeneHi JociifKeHHs aganTHBHOI CHUCTEMU OINTHMAIBHOTO KepyBaHHS
pobororo amapatra Il caTypamii 3 METOIO BCTAHOBJICHHS KIJIBKICHUX IIOKa3HUKIB
eeKkTUBHOCTI 11 poOoTH.

Marepianun i meromm. JlocmimKyBanacs amanTHBHA CHCTEMa KEPYBaHHS POOOTOIO
anmapara Il carypamii mykpoBoro 3aBomy. [l BH3HAUeHHS ONTHMaJbHUX IapaMeETpiB
(YHKI[IOHYBaHHS BUKOPHUCTAHO iMiTalliiiHe MOJIETIOBaHHS Ha OCHOBI KJIACHYHUX 1 T1OPHIHUX
TEHETUYHHX aJITOPUTMIB ITOLTYKY.

Pesynbratm i obropopennsi. IIpoBeneHo iMiTallifiHi JOCHI/DKEHHS  SKOCTI
(YHKI[IOHYBaHHSI CTPYKTYPHOI MOJENi aJalTUBHOI CHCTEMH ONTUMAJILHOTO KEpyBaHHS 3
BUKOPHCTaHHIM KJIACHYHOT'O TE€HETUYHOIO AITOPUTMY, a TAKOX MPOBENCHO TOCHIHKEHHS
MOJHM(IKOBAHOI'O TEHETUYHOrO alrOpUTMy 3 JOJABaHHSAM Y KIACHYHHH aJTOPUTM
riopuanux ¢yHkuii, a came Fmincon i Fminsearch Patternsearch Fminunc.

AJanTuBHa CHUCTEMa ONTHMAIBHOTO KEPYBaHHS XapaKTepH3YEThCS CYTTEBO HUXKYMM
3HAYEHHSIM IHTETPAIILHOTO KBAaJIPaTHYHOTO KpUTEpiro /= 545 mNOpiBHSHO 3 HAsSBHOIO Ha
I[YKPOBOMY 3aBOJIi CHCTEMOIO KEpYBaHHS, IHTErpajbHUI KBaJpaTHYHHUN KpPUTEPIH SKOI
I=658. Ilpu npoMy 4vac KepyBaHHA TakoXX 3MeHmuBcs 3 7 = 212 ¢ jo 7T = 109 c.
Bukopucranus TiOpumHHX QYHKLOIH Aajgo 3MOTYy JOAAaTKOBO 3HU3UTH IHTErpajbHUM
KBaJpaTHYHUI KpuTepid [=529-541 Ta mnpuCKOpUTH pOOOTY CHCTEMH KEpyBaHH:,
Butpauenuii yac 7= 98-105 c. JocmimkeHno podory meroxy Fmincon 6e3 BHKOpUCTaHHs
TEHETUYHOT0 AITOPUTMY, TaKka MOZIENb ITOKa3ajia HIKYMiA yac BUKOHaHHs T = 88 c, ae Buile
3HAYEHHs IHTErpaJIbHOI0 KBaIPATUYHOro Kputepito / = 604.

Haiikpamii pe3ynbTraty, 3a iHTerpajJbHAM KBaIpaTHYHUM KPUTEPIEM 1 4acOM KepyBaHHS
(I[=529, T = 98 c), Oynu oTpumaHi Ui TEHETHYHOTO aJrOpPUTMY pa3oM i3 TiOpUAHOIO
¢byHKIie0 Fmincon.

JlocmimkeHa aanTHBHA CHCTEMa KepyBaHHs poOOTO0 caTypaTopa 3HaYHO BUIIEPEKAE
HasIBHY 332 BCIMa OCHOBHUMH NOKa3HUKAMU.

BucnoBkn. HoBu3HOI0O pe3ynpTaTiB  JOCHIKEHb € HAyKoOBE OOIPYHTYBaHHS
JIOLTBHOCTI BUKOPHUCTAHHSI KIIACHYHUX T€HETUYHHX 1 TOpPUAHUX T€HETHYHHUX aJTOPUTMIB
i1 yac peajizauii alanTUBHAX CHCTEM ONTHMAJILHOTO KepyBaHHSI.

Karo4osi cnoBa: asmomamusayis, yyxop, camypamop, ceHemuiHul aizopumm.
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Penakuiiina xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
3anporrye Bac 1o nmyOmikaiiii pe3yapTaTiB HAyKOBUX JOCIIIKEHb.

Bumorn 1o opopmiieHHs cTaTei

MosBa crareii — aHTJTIHiChKa.

MinimManeHuil 00csar cratti — 8 cropinok ¢opmaty A4 (0e3 BpaxyBaHHs aHOTAIlH i
CIHMCKY JIITEpaTypH).

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B ¢popmari *.doc.

Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.

Bci monst cropinku — 1o 2 cM.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu cratti (iM’s Ta mpi3BHIIE NOBHICTIO, pukna;: Jlenuc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anorarist. O00B’AI3KOBa CTPYKTypa aHOTAIIIT:

- Beryn (2-3 psaaxn).

- Marepianu Ta MeToau (10 5 psAKiB)

- PesynbraTi Ta 00roBOpeHHs (ITiB CTOPIHKH).

- BucnoBku (2-3 psaaxn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIVIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchoBku
. Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABaTH IHII PO3/ILIK Ta PO30MBATH IX HA MiIPO3ALIH.

8. ABtopchka nosinka (IIpi3Buie, iM’st Ta 0 OaTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi JaHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHATY.

PucyHkn BHUKOHYIOTbCS siKicHO. CKaHOBaHI PUCYHKHM He INpuiiMaroThbes. Po3mip Tekcry Ha
PHUCYHKax MOBHHEH Oyt cniBpo3mipHuM (!) Tekcry crarti. @oTorpadii MojkHa BUKOPHCTOBYBATH
JIMIIIE 32 iX 3HAYHOI HAYKOBOI HiHHOCTI.

®oH rpadikis, miarpam — nuie 6inuit. Komip enemenTiB pucyHky (iHii, ciTka, TeKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCS B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHHCHKUMU
niTepamu BianoBinHo 1o cuctemu CL

B crnmcky niteparypy IOBHHHI epeBaXKaTH aHITIOMOBHI CTaTTi Ta MOHOrpadii, siKi omyOiiKkoBaHi
mticyst 2000 poky.

—— Ukrainian Food Journal. 2018. Volume 7. Issue 4

777



IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JiTepaTypu 3rimHo cranmapty Garvard. Bci enmeMeHTH mocHiIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanus), Ha3za crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
1. Tlpuxnan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
[HiIiany mUITYThCS TICIS MPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
[puxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuiiaHHs Ha eJIeKTPOHHMIA pecypc:

BHKOHY€ETBCS aHATOT YHO TIOCHIAHHIO Ha KHUTY 260 cTaTTIo. [Ticns odhopMiIeHHs JaHuX
PO MyOJIiKaIliio MUIIYThCs cloBa Available at: Ta BKa3yeThCs eIEKTPOHHA aJipeca.
[puxnaau:
1. (2013), Svitovi naukovometrychni bazy, available at:
http://www]1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Crucok sitepaTypH 0 OpPMITIOETHCS JIUIIE JIATHHHULEKO. EjeMenTH criucky yKpaiHChKO0
Ta POCIHCHKOI0 MOBOI TOTPIOHO TpaHcHiTepyBaTH. [Jis TpaHcmiTepalii 3 yKpaiHCHKOIO
MOBU BUKOPUCTOBYETHCS MACIIOPTHUH CTaHIApT, a 3 pociiicbkoi — cranaapt MBJI (B mux
CTaHIapTaX BHKOPUCTOBYIOTHCS CHMBOJIH JIMIIE aHTIiHChKOro andasiTy, 0€3 XBOCTHKIB,
anoctpodis Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH — http://translit.kh.ua/#lat/passport

3 pociticbkoi MoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJaeHHs CTATTI — HA cCalTI

http://ufj.ho.ua

CTaTTs HAJICUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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YK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTaTTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00OaTHAHHS

XapuoBa XiMis HanorexHosorii

Mikpobiosnoris ExoHomika Ta yrnpaBiiHHs

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOAYKTIB YmakoBKa I XapuOBUX IPOIYKTIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

Pe3yibraTi qOCIiIKeHb, IPEICTABIIEH] B )KypHAaIi, TIOBUHHI OyTH HOBUMH, MaTH YiTKUH
3BSI30K 3 Xap4yOBOIO HAYKOI 1 TPEICTaBISATH IHTEpeC I MiKHAPOAHOTO HAaYKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Food Journal iHmekcyeTbcs HAYKOMETPHYHHUMH Oa3aMH:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRIJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)
Emerging Sourses Citaton Index (2018)

Peuensis pykonucy crarri. Marepianu, npencrasiesi i myoinikyBaHHs B «Ukrainian
Food Journal», npoxomste «IloasiiiHe citilie peleH3yBaHHM) JBOMAa BYCHHMH, NIPU3HAYCHUMHU
PEeNaKLiHOIO KOJIETIEI0: O/IMH € YJICHOM PEJIKOJIETii 1 OAMH He3aJIeKHUIN YUeHHH.

ABTOpCBKe NPaBo. ABTOPU CTaTel rapaHTYIOTh, L0 poOOTa HE € MOPYIIEHHAM OyIb-sIKUX
aBTOPCHKMX IpaB, Ta BiJUIKOAOBYIOTh BMIABLIO NMOPYLIEHHS JaHoi rapanTii. OmyOnikoBaHi
Matepianu € npaBoBoro BiacHicTio BuaaBus «UKrainian Food Journaly, skiio He y3romkeHo
IHIIE.

IoaiTnka axamemiunoi ermkm. Penakuis «Ukrainian Food Journal» xopucryerscs
[IpaBUJIaMM aKaJeMiuHOI €THKH, BUKIaneHuX B podori Miguel Roig (2003, 2006) "Avoiding
plagiarism, self-plagiarism, and other questionable writing practices. A guide to ethical writing”.
Penaxiiist mporoHye aBTopaM crateil i pelieH3eHTaM psAMo CIIiIyBaTH LIbOMY KEpiBHULTBY, 11100
YHUKHYTH IIOMWIOK Y HAYKOBIH JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIis pO3MillleH] Ha CalTi

http://ufj.ho.ua
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PenakuiiHa koneris
T'onoBHUIT pexakTop:

Basnepiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YuieHn MikHApOIHOI pefaKuiifHOl KoJserii:

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yrHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTa6nikoB, KaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bosogumup IBanoB, 1-p., npod., Jepocasnuil yrnisepcumem losu, CILIA

Baangimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHull
mexHiuHUll yHigepcumem

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomouw, 1-p., noi., Texuiunuii ynieepcumem Monoosu

Mapxk Wamusiy, 1-p., A01., Yopromopcoka acoyiayis 3 Xapyoeoi HayKu ma mexHonoeii,
Pymynia

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepaanou
Mackane Qwonwo, 1-p, Yuisepcumem Knoo bBepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersana I[Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist J35136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvxozo HAH Vkpainu

Opiii binawn, n-p., ll]eyuncokuii ynigepcumem, Ilonvwa

YiieHn pegakuiiHoi KoJierii:

Amnarodiii CaiiranoB, 1-p. €KOH. HayK, pod., [ucmumym cucmemrnux oocnioxcerv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaHJ. TeXH. HayK, JI01l., Hayionanvuuil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bogogumup Kobaca, n-p. TexH. Hayk, npod., Hayionanvhutl yrnieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, n-p., npod., Jepocasuuil ynisepcumem losu, CILIA
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Baagimip I'pynanoB, 1-p. TeXH. HayK, Ipod., herapycokuti 0epicashull azpaphutl
mexHiuHUll yHigepcumem

I'anuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil ynigepcumem xapuoux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomosuw, 1-p., noi., Texuiunuii ynieepcumem Monoosu

Jlama llepinsH, 1-p. eKoH. HayK, podecop., Hayionanvhuil ynisepcumem xapuoux
mexuonozil, Ykpaina

Mapxk Wamusi, 1-p., A01., Yopromopcoka acoyiayis 3 Xapyoeoi HayKu ma mexHooeii,
Pymynia

Mukosna CaueBChbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepianou
Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Ykpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanshuil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOniIbCoKULl HAYIOHATbHUL MEXHIYHULL
yuiepecumem imei leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tamapa Bepe3siHko, 1-p. €KOH. HayK, npod., HayionaieHuil yHisepcumem xapiosux
mexuonozit, Ykpaina

Tersana [Mupor, a-p. 6ion. Hayk, npod., HayionareHull yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B.I. Bepnaocwvroeo HAH Vkpainu

Opiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ounexciii I'yoenst (BiamoBinanpHUN ceKpeTap), KaHa. TeXH. HAYK, JOIl., Hayionaibruil
YHIgepcumem xap4oeux mexuonoziu, Ykpaina.

——Ukrainian Food Journal. 2018. Volume 7. Issue 4— 781



Ukrainian Food Journal in 2018. Statistics.

1. Number of the articles

Total number

Original research

articles

Review articles

54

52

2

2. Topics of the articles

Biotechnolo Processes and
Food nd gy Equipment Economics and | Food
Technology | ane of Food Management Safety
Microbiology .
Production
33 2 15 3 1

3. Geography of authors

782

State of authors Number of the articles %
Ukraine 34 63,0
Turkey 3 5,6
Bulgaria 2 3,7
Moldova 2 3,7
Lithuania 2 3,7
Georgia 1 1,9
Nigeria 1 1,9
Pakistan 1 1,9
Croatia 1 1,9
Iran 1 1,9
Belarus 1 1,9

States of the author team
Bulgaria, Macedonia 1 1,9
Bulgaria, Ukraine 1 1,9
Ukraine, Poland 1 1,9
Kazakhstan, Ukraine 1 1,9
Georgia, Ireland 1 1,9
Bangladesh, Japan 1 1,9
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Contents of Volume 7

3MicT ToMy 7

Year 2018 2018 pik
Food Technology XapuoBi TexHosorii
Issue 1 Ne 1
Liubov Mazur, Sergii Gubsky, Jlio6oe Masyp, Cepeiti I'yocokui,
Antonella Dorohovych, Anmounenna Jopoxosuu, Maxcum Jlabazoe
Malksym Labazov 7- AHTHOKCUIAaHTHI BJIACTUBOCTI
Antioxidant properties of candy 21 JIbOJSIHUKOBOI Kapamelli 3 POCINHHUMU
caramel with plant extracts CKCTpaKTaMU
Pelin Giing Ergoniil, Tuba Géldeli Ienin I'ony Epevontons, Tyoa I'vonvoeni
Effects of different holding types and | 22- | Brums copTy i 4acy 30epiranns oJuBOK,
times on quality attributes of oil 40 BHpOLIEHHX Y AXicapchbkoMy
obtained from olives belonging to perioni, Typeudnna Ha sKicHi
Akhisar Region, Turkey MIOKa3HUKH OJIMBKOBOI OJii
Oksana Bass, Galyna Polischuk, Oxcana bacc, Ianuna Honiwyx,
Olena Goncharuk 41- | Onena I'onuapyx
Influence of sweeteners on 53 BrutuB migconopKyBadiB Ha peoiorivHi
rheological and qualitative indicators Ta AKiCHI TTOKA3HUKHA MOPO3UBa
of ice cream
Nataliia Bozhko, Vasyl Tischenko, Hamanis Booicko, Bacunw Tuwenko,
Liudmyla Baidak, Vasyl Pasichnyi Bacunw [aciunuii
Evaluation of rosemary extract 54- | EdexkTuBHICTh EKCTPAKTY PO3MApUHY
effectiveness in the technology of 64 YBTEXHOJIOTIi M'SICO-MICTKUX CapelibOK
meat-containing sausages with duck 3 M’5ICOM MYCKYCHOI KauKH
meat
Lidia Protsenko, Ruslan Rudyk, Tetiana Jliois Ilpoyenxo, Pycnan Pyouk,
Hryniuk, Aliona Viasenko, Alona Temammna I puniox, Anvona Bracenko,
Protsenko, Svitlana Litvynchuk, Olena 65- | Anmvona Ilpoyenxo, Ceimnana JIimsinuyx,
Ovadenko 78 Onena Osaodenko
Beer enrichment with biologically 30araueHHs nruBa 010JIOTYHO AKTUBHUMU
active hop compounds CIIOJTYKaMH XMEJTIO
Valentyn Drozda, llona Bondarenko Baneumun J[posoa, Inona bonoapernko
Technological features of biological TexHosori4HI 0COONIUBOCTI
protection of grain stocks against 79- | OlOMOTrIYHOrO 3aXUCTY 3araciB 3epHa
complex of phytophages of 95 BiJl KOMILJIEKCY JIYCKOKpHIINX-(iTodariB
Lepidoptera (Pyralidae, Tineidae, (Lepidoptera: Pyralidae, Tineidae,
Gelechiidae) Gelechiidae)
Issue 2 Ne 2

Levan Gulua, Lika Nikolaishvili, Jlesan I'ynya, Jlika Hikonaiweii,
Tamar Turmanidze, Merab Jgenti, 177- | Tamap Typmaniose,Mepa6 [ocenmi,
Marine Bezhuashvili, Roger 191 | Mapine Beaxcyawsini, Poosicep

FitzGerald

Chemical constituents, antioxidant
and anti-lipase activity of the selected
wines produced in Georgia

Dimyooicepanvo

XiMiuHI KOMITIOHEHTH, aHTHOKCHIaHTHA
1 aHTUIIIITa3Ha aKTUBHICTE JEAKUX
IPY3UHCHKHX BUH

——Ukrainian Food Journal. 2018. Volume 7. Issue 4— 783



Jasmina Lukinac, Marko Jukié,

Acwmina Jlyxinax, Mapko FOkiy,

ananassa Duch) fruit during cold
storage

Kristina Mastanjevi¢, Mirela Luc¢an 192- | Kpicmina Macmanwvesuu, Mipena Jhyuan
Application of computer vision and 214 | 3acrocyBaHHSI METOy KOMII'FOTEPHOI
image analysis method in cheese- Bi3yastizarlii Ta aHami3y 300paKeHb s
quality evaluation: a review OLIIHIOBAHHS SIKOCTi CHPY: OTJISIT
Olena Hrabovska, Hanna Pastukh, Onena I'paboscoxa, I'anna Ilacmyx,
Oleksandr Lysyi, Volodymyr Onexcandp Jlucuii, Bonooumup
Miroshnyk, Nadiya Shtangeeva 215- | Mipownuk, Haois [lImaneeesa
The use of enzyme preparations for 233 | Bukpucranus (pepMEeHTHHX IIpenapariB
pectin extraction from potato pulp JUTS €KCTpAIlii IeKTUHY 13 KapTOIUIIHOL
M’ SKOTI

Syed Nasrullah Shah, Sarfaraz Ahmed Ceuio Hacpynna llax, Capgpapaz Axmeo
Mabhesar, Syed Tufail Hussain Maxesap, Cetio Tygatine Xyccetin
Sherazi, Muhammad Aamir Panhwar, Llepasi, Myxammeo Amip Ilanxap,
Shafi Muhammad Nizamani, Aftab 234- | Hlaghi Myxammeo Hizamani, Apmab
Ahmed Kandhro 243 | Axmeo Kanopo
Influence of commercial refining on BrumiB koMepItiitHOT iepepoOKku Ha
some quality attributes of sunflower SIKICHI aTpUOYTH COHSIIIIHUKOBOI OJIii
oil
Nataliia Sova, Maryna Lutsenko, Hamanis Cosa, Mapuna Jlyyenxo,
Arina Korchmaryova, Kateryna Apuna Kopumapvosa, Kamepuna
Andrusevych Anopycesuu
Research of physical and chemical 244- | NocnimxeHHs Gi3uKo-XiMiuHHX
parameters of the oil obtained from 252 | moka3HUKIB 0Iii, OTpUMaHOI 3
organic and conversion hemp seeds OpraHivyHOro Ta KOHBEPCIHHOTO HACIHHS
varieties “Hliana” KOHoIeNb copty [ nsiHa
Victoria Dorohovych, Mariia Bixmopin JJopoxosuy, Mapis I puyesiy,
Hrytsevich, Nataliia Isakova Hamanis Icaxosa
Effect of gluten-free flour on sensory, | 253- | Bruue 6e3rir0TeHOBOro OOpoOIITHA Ha
physico-chemical, structural and 263 | opraHonenTu4Hi, (i3MKO-XiMiuHi,
mechanical properties of wafer batter CTPYKTYpHI Ta MEXaHi4YHi BIACTUBOCTI
and waffles BagenpHOro TicTa i Badens
Olumuyiwa Adekanmi Babarinsa, Onymioiea Adexanmi babpinaca, Icaax
Isaac Babatunde Oluwalana, babamynoe Onysanana,
Matthew Kolade Bolade Memwio Konade Bonaoe
Effects of storage of fresh cassava in 264- | Bruus 30epiraHHs CBI’KOT'O MaHIOKY y
moist sawdust on the proximate 272 | Boyorii THpci Ha XiMi4Hi Ta
chemical and functional properties of (yHKIIOHAJIBHI BIIACTUBOCTI rapi
gari

Issue 3 Ne 3
Merab Jgenti, Levan Gulua, Mepa6 Aeenmi, Jlesan Iynya,
Tamar Turmanidze Tamap Typmaniose
Effect of methyl jasmonate, salicylic BruivB MeTHIKaCMOHATY, CAJIIHIIOBOT
acid and ascorbic acid on quality 367- | KUCITOTH Ta aCKOPOIHOBOI KHUCIIOTH Ha
parameters of strawberry (Fragaria x 178 | sAKicHI OKA3HUKH MOTYHHYHHX TUTO/IB

(Fragaria x ananassa Duch) mig yac
XOJIOJTHOTO 30epiranHs

784
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Iryna Tsykhanovska, Lyudmyla

Bipa Obonkina, Tamapa Hocenxo,

Skurikhina, Victoria Eviash, 379- | Onvea [{3ucap, ocaman Paxmemos

Larisa Pavlotska 396 | ®opmyBaHHA GYHKLIOHAIBHO-

Formation of the functional and TEXHOJIOTIYHHX BJIACTUBOCTEH (apuriB 3

technological properties of the beef SJIOBUYMHY 3 BUKOPUCTAHHIM Xap4OBOi

minced meat by using the food additive J100aBKU HA OCHOB1 HAHOIIOPOLLIKY

on the nanopowder basis of double [OABIHHOr0 OKCUAY JBO- T

oxide of two- and trivalent iron TPUBAJICHTHOTO 3aJli3a

Vira Obolkina, Tamara Nosenko, Bipa Obonxina, Tamapa Hocenxo,

Olha Dzyhar, Dzhamal Rakhmetov 397- | Onvea J3ucap, Joccaman Paxmemos

Chemical composition of fenugreek 408 | XiMiyHMI CKJIAJ] JUCTSA TYHBOHM CIHHOI

hay leaves

Asya Cetinkaya, Fatih Oz Acsa Yeminkas, @amix O3

Changes in cholesterol and free fatty | 409- | 3miHa XoecTepuHy Ta BMICT BUIBHHX

acid content of Kars Gravyer Cheese | 420 | »upHux kucinort y cupi Kape I'pyep

(A Turkish dairy product produced by (TyperpKuii MOJTIOUHHIA IPOAYKT,

the traditional method) BUPOOJICHUH TPaIULiHHAM CITIOCOOOM)

Volodymyr Vyshniak, Oleg Dimitriev, Bonooumup Buwnsix, Onee Jlimimpies,

Svitlana Litvynchuk, 421- | Cgimnana Jlimeunuyx,

Valeriy Dombrovskiy 433 | Baunepit [Jombposcokuii

Identification of beeswax and its InenTudikarist 6PKOJIMHOTO BOCKY Ta

falsification by the method of infrared Horo danbcudikary MeToqom

spectroscopy iH(ppaYepPBOHOI CIIEKTPOCKOIIT

Mpykola Oseyko, Vasyl Shevchyk, Muxkona Ocetixo, Bacunv [llesuux,

Olena Pokryshko 434- | Onena [loxpuwixo
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